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and Rajidac 


different ray-families under investigation 


Pristiophorus japonicus 


INTRODUKTION. 


In this part I shall try to give, as far as possible, guided by the embryological 


experiences, a comparative analysis of the different types of skull met with 
rays. Considering that there are many gaps in our knowledge, 
and rays are investigated with regard to the details of the 
left undecided, and it has been necessary to 

may subsequently perhaps be found to have 


work I have dissected a number 


embryonic stages. Representa- 


Notorhynchus 
(“LJ Incolarhac 
( LacnhuUus 
Squalus, Centrophorus, Scymnodon, Centroscymnus, Acan- 
Oxynotus, Etmopterus, Scymnorhinus, Somniosus 


Pristio phorus. 


lobus, Chiloseyllium 
Heterodontus 
Pristiurus, Scyllium, Carcharinus, Galeocerdo, Spryrna, 


orhinus (Mustelus) and others. 


Rhinobatids: Rhinobatus, Rhyncobatus 


Discobatid: Discobatus. 
Torpedids: Torpedo, Narke. 
ajids: Raja 
Dasybatids: Dasybatus, Potamotrygon, Urolophus. 


My liobatids : yliobatis. 
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A great many genera are missing from this list. Some of them, however, 
have previously been described fairly well by various authors and could thus 
be compared, in some respects at least, with the better known genera. As in 
closely allied groups, especially, in my experience, Galeoids, the differences 
in the principal cranial structures are very small, I think, on the whole at 
any rate, that the generalisations made will prove to be correct. 

In order to facilitate the comparison between the different groups of sharks 
as well as of rays, I have throughout this part enumerated the characters in 
the same sequence, giving to each its constant number. The characters are 


positive as well as negative. If, for instance, in notidanids it is said: ’’no paired 


rostral rods”, such a statement is only of special interest if a comparison is 


made with galeoid sharks and so on. 
Owing to lack of space the discussions have been made very summary, but 


[ think the reader will easily fill in the gaps. 


SHARK S. 
THE NOTIDANIDS AND CHLAMYDOSELACHUS. 


In the following lists of characters those common to all sharks are enclosed 
within brackets. 
Heptanchus cinereus. (Fig. 1 
The most important characters of this species are: 

1. [Notochord (partly) preserved in the basis cranii.] 

2. Basal surface of the neurocranium behind the ethmoidal region consisting 
of a narrow anterior (suborbital) and a broader posterior part. The 
posterior (subotical) portion of the latter is, transversely, broadly rounded, 
the anterior (postorbital) rather narrow, almost flat, with a deep oblong 
hypophysial pit. 

A very strong keelshaped basal angle at the limit between the suborbital 
and the postorbital portions of the basal surface. 

Palatobasal articulation at the basal angle, a little behind the medial part 
of the orbit. 

Palatobasal process consisting of a slightly developed anterior, trabecular 
and a well developed posterior, polar cartilage portion. Between the two 
portions a broad and deep groove for the palatoquadrate articulation extends 
high up in the orbit. 


No subocular shelf. 


4 OA 4 
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Palatine nerve not piercing any part of the skull. 


No medial keel on the ventral surface of the internasal plate in the adult, 


the embryo a short keel is present between the ectethmoid chambers. 
Internasal plate narrow. 
Two carotid foramina. 
| Prefrontal fontanella present. | 
Precerebral fossa present, long and rather narrow. 
No frontal or parietal fontanella. 
| Parietal fossa deep. | 
No occipital myles. 
Posterior cerebral vein with a foramen of its own. 
Auditory region long. 


No (persistent) lateral commissure. 

Articular fossa for the hyomandibula in the posterior part of the auditory 
] 


7 


rsally to the bull: 


ion, do a acustica, which is well pronounced. Below the 

posterior part of the articular fossa a deep vacuity (probably corresponding 
the postotic foramen in Squalus) is present, the deep portion of which 

is transversed by the IX nerve on its way to the foramen. 

No real post tic process. 

Preorbital wall well developed. 

Preorbital canal present. 

a) Processus preor italis, b) supraorl ital crest and c) postorbital process 

present, the latter relatively short and thick. 

Postorbital roce a well delimited articular disc for the palato- 

quadrate. 

The V and VII nerves, except the hyomandibularis VII, through the 

foramen prooticum. The hyomandibularis VII with a separate foramen. 

A short prefacial commissure is thus present. The VI nerve has a foramen 

of its own. 

| Separate foramina for the pseudobranchial artery and the pituitary vein. 

Anterior cerebral vein with a foramen of its own. 

[The obliquus inferior muscle inserted in the orbit. | 

A rudimentary eye stalk present. 

Internasal septum relatively high. 

Subnasal fenestra (basal communication) present, opening in the ecteth- 

moid chamber. 

Nasal capsule postero-mesially not membraneous. 

[No articular process on the surface of the nasal capsule. | 


Ectethmoid process with antorbital process’ or cartilage. 


For nomenclature see p. 7 
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Fig. 1. Skull of Heptanchus cinereus Fig. 2. Skull of Heptanchus cinereus 
Dorsal aspect. Ventral aspect. 


pit V 


Heptanchus cinereus. Lateral aspect. 


Fig. 4. Heptanchus cinereus. Etmoidal region of the skull A. Dorsal aspect. B. Ventral 
aspect. The antorbital process is cut off on both sides. 
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A well delimited, deep ectethmoid chamber present. 
A thick pointed rostrum present, the precerebral fossa extending on to the 
rostrum. No lateral processes on the rostrum. 
No paired rostral rods. 
A canal for the buccalis VII and part of the maxillaris V nerves formed 
between a small process of the ectethmoid and the antorbital process. These 
nerves running outside and dorsally to the antorbital process. 
[Ophthalmicus VII and buccalis VII not enclosed in the rostrum. | 
Antorbital process! chondrified and not separated from the ectethmoid 
process. The process is pierced by buccalis nerve fibres. 
| No rostral appendices. | 
[Antorbital process without connection with any rostral appendix. ] 
Ethmoid canal present. 
Anterior opening of the orbitonasal canal in the ectethmoid chamber. 
Hyomandibula long, slender. 
) pseudohyoid. | 
Hyoid copula rather short and narrow. 
Palatoquadrate with a strong medial orbital process, and an “otic” proce 
strongly articulating with the postorbital process (Cf. n:o0 23). 
Palatoquadrate (and mandibula) long, posteriorly reaching beyond the 
occipital region, but anteriorly only to the posterior part of the ethmoid 
region. 

49. Prespiracular cartilages absent. 

50. [Separate postspiracular cartilages absent. | 


51. One rudimentary (anterior upper) labial cartilage present. 


Remarks on the neural skull in Heptanchus cinereus. 


Some remarks may be added to the descriptions of the skull of Heptanchus 
already given in literature and in the preceding enumeration of characteristics. 
In one of the specimens at my disposal the right antorbital cartilage is 
forked frontally, the limbs of the fork embracing the big buccalis and maxil- 


laris nerves. In addition, the anterior ends of the fork are fused on to the 


ectethmoid process. On the left side the lateral limb of the ’’fork’’ is a process 


of the ectethmoid resting (without fusion) against the antorbital cartilage 
outside the buccalis and maxillaris nerves. In both cases a sort of buccalis 
canal is formed. Near the tip, the antorbital cartilage is pierced by a branch 
of the buccalis VII nerve. At the level of the posterior part of the palatobasal 
articulation a deep pit, mentioned in the enumeration, indicates the presence 
of an hypophysial fenestra. This pit is completely closed against the cranial 
cavity and lies well in front of the hypophysis. 

1 


For nomenclature see p. 
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For the position of the cranial foramina see the figures. 

The dorsal position of the buccalis VII and maxillaris V nerves in relation 
to the “antorbital cartilage” in Heptanchus would seem to indicate that this 
cartilage does not correspond fully to the ’antorbital cartilage” of rays, nor to 
the membraneous ’antorbital cartilage” in squaloid sharks, where part of the 
buccalis VII nerve pierces this element, whereas another part joined with a 
portion of the maxillaris V runs medially or ventrally to this cartilage. On the 
other hand, it must be borne in mind that the ’antorbital cartilage’ of Hept- 
anchus is pierced in its caudal part by a branch of the buccalis nerve. The 
foramen for this nerve may correspond to that of the buccalis branch or 
branches in rays and sharks. The similar relation of these buccalis branches 
to the cartilage indicates a homology of the antorbital cartilage in the three 
groups. If we assume this homology, the question arises, how are we to explain 
the different relation of the cartilage to the anterior (mesial) portion of the 
joined buccalis VII and maxillaris V nerves. The following may afford 
a reasonable explanation. In Chlamydoselachus the joined anterior parts of 
the maxillaris V and buccalis VII run dorsolaterally to the ’ectethmoid process”, 
as they do in the embryonic //eptanchus. In the adult Heptanchus the cor- 


responding nerves pierce the basis of the "antorbital cartilage’, a condition 


brought about by a process from the ectethmoid ridge growing out dorsally 


to the nerves and joining the antorbital cartilage outside the nerves. The nerves 
may then have come ventrally to the cartilage by a reduction of the ventral 
wall of the canal, in which case the nerves may have got the relations charac- 
teristical of squaloid sharks (and rays). 

The preceding discussion seems to necessitate a change of nomenclature. 
The following homologies result from the evidence produced: the ’’ectethmoid 
process” of Chlamydoselachus =the antorbital cartilage of Heptanchus and 
the membraneous "antorbital cartilage’ of squaloid sharks. But the ’ectethmoid 
process” of squaloid sharks is no "ectethmoid process” in the same sense as 
that of Chlamydoselachus but corresponds to that ventral part of the antorbital 
frame from which the "ectethmoid process” issues. I therefore propose the 
following nomenclature: the ecthetmoid process is the more or less well pro- 
nounced, processlike ventral border of the antorbital ridge, the antorbital pro- 
cess is the ’ectethmoid process” of Chlamydoselachus, the antorbital cartilage 
is the antorbital cartilage in Heptanchus and in rays and the membraneous 
*antorbital cartilage’ in squaloid sharks. 

Heptanchus has but one labial cartilage (LUTHER). This is very rudimentary, 
forming a vertically placed, rounded disc with a posterior rodlike handle. It 


corresponds to an anterior upper labial cartilage of other sharks. 
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Votorhynchus platycephalus. (Heptanchus maculatus.) Fig. 5. 


The skull of Notorhynchus has been illustrated by DANIEL. From his illustra- 
tions it would seem that this skull closely resembles that of Heptanchus 
cinereus, but is much broader. A 
closer examination however, re- 
veals considerable differences, 
which will be recorded below: 
Basal surface of the neuro- 
cranium broad. Behind the 
ethmoidal region it is broad, 
rounded transversely. Then 
follows caudally a_ broader, 
flat, somewhat excavated sub- 
orbital portion with the 
palatobasal articulation. This 
portion is separated by a 
broad notch, level with the 
carotid foramen, the 
broad and flat posterior part. 
No hypophysial pit. 
Basal angle not so strong as 
in Heptanchus and not keel- 
shaped (compressed 
Articulation groove for the orbital process of the palatoquadrate shallow, 


ascending vertically into the orbit 


Internasal plate very broad, frontally concave. 


Precerebral fossa broad and short, its bottom unchondrified. 

Posterior cerebral vein probably running through the X-canal. 

No vacuity below the posterior part of the articular fossa for the hyo 
mandibula. 

Postorbital process long and slender. 

\rticular disc of the postorbital process not well delimited. 

Kye-stalk fairly strong. 

Internasal septum low, but broad. 

No subnasal fenestra. 

Rostrum short and broad not delimited from the wall of the precerebral 


fossa. In my specimen the rostrum is medially membraneous. In DANIEL’s 


there seems to have been a chondrified anterior border closing a large 
fenestera occupying the bottom of the fossa. 

Ethmoidal canal absent. 

Hyoid copula according to DANIEL very broad, almost semicircular. 
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47. Articulation of the palatoquadrate with the postorbital process not so 
close as in Heptanchus. 

51. Anterior upper labial cartilage somewhat large, flat and forked anteriorly 
(DANIEL, HOLMGREN), the posterior upper and the lower labial cartilages 


are rudimentary, not separated from one another (HOLMGREN). 


Hexanchus griseus. 


As I have had no Hesxanchus-skull at my disposal, I am obliged to confine 


myself to some remarks based on the descriptions and illustrations published 


by GEGENBAUR (1872). 

The general shape of the skull seems to correspond more closely to that of 
Notorhynchus than of Heptanchus. Hexanchus has a broad cranium with long 
triangular postorbital processes. The precerebral fossa is broad and extends 
frontally almost to the frontal border of the skull level with the anterior 
border of the nasal capsules. There is no protruding rostrum. A fairly strong 
eye stalk occurs. The basal angle is less prominent than in Heptanchus and 
ought not to be compressed as in that genus. The otic joint of the palato- 
quadrate, according to GARMAN, is somewhat loosely organized. The hyoid 
copula is broad and semicircular. 

On the other hand there are features in common with Heptanchus but not 
with Notorhynchus, such as the presence of an ethmoid canal, the vacuity 
below the articular surface for the hyomandibula, the rather high internasal 
septum, and the separate posterior opening of the canal of the vena cerebralis 
posterior. 

In Hexanchus the antorbital process, to judge from GEGENBAUR’s illustra 
tion, seems to be separated from the ectethmoid process. The ophthalmicus 
superficialis after leaving the prootic foramen runs inside a short cartilaginous 
bridge, which is not the case in Heptanchus or Notorhynchus, (Cf. the 
Orectolobids). 


Chlamydoselachus. ( Fig. } 


The skull of Chlamydoselachus has the following characters: 

1. {Notochord entering the skull from behind and partly preserved in the 
basis cranii. | 
Basal surface of the neurocranium broad, caudally rather flat, frontally 
with more convex transsection. No narrow part in front of the palatobasal 
process. In the embryo the basal surface is flatter than in the adult. The 
basal surface frontally bending gradually dorsad between the nasal cap- 
sules, so that a deep and broad excavation forms below the precerebral 


fossa. 
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Dorsal aspect. ( Re 


constructed by T. VickKBomM.) 


No basal angle. A *presphenoid”’ bolster present. 

Palatobasal process in the anterior part of the orbit. 

Palatobasal process shelflike, with a broad and high articular surface for 
the orbital process of the palatoquadrate. The optic foramen in front of 
this surface, in the anterior part of the orbit. 

No subocular shelf behind the palatobasal process in the adult, but in an 
27 mm embryo the border of the basal plate juts out laterally and a shelf 
portion is present below the trigeminal foramen. 

Palatine nerve not piercing any cranial cartilage. 

No medial keel on (the ventral surface of) the internasal plate. 

Two carotid foramina near the midline. In the embryo the carotid artery 
lies in a groove extending along the border of the basal plate to the foramen. 
In the adult the medial part of this groove is preserved. 

[Prefrontal fontanella present. | 

Precerebral fossa present. Its floor is very thin. 

No frontal or parietal fontanella. 


[Parietal fossa deep. | 
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7. Skull of Chlamydoselachus anguineus. Embryo 127 mm. Ventral aspect. (Re- 


constructed by T. VickBom.) 


No occipital condyles. 

Posterior cerebral vein in connection with the X-canal, but often with an 
external foramen of its own. 

Auditory region long. 

No chondrified lateral commissure in the adult. 

Articular fossa for the hyomandibula long, forming a broad groove on 
the lateral surface of the auditory capsule, dorsal to the auditory bulla 
and the hyomandibulare articulating against the auditory portion of this 
groove. No vacuity below the articular fossa. 

No postotic foramen. 

Preorbital wall well developed. 


Preorbital canal present, containing the ophthalmicus VII only. 


a) Processus preorbitalis, b) supraorbital crest and c) postorbital process 


present. The postorbital process very long, pointed. 
No articular surface on the postorbital process. 
The V and VII nerves through the foramen prooticum. The hyomandi- 


bularis VII with a separate foramen. (Prefacial commissure rather long.) 
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Lateral aspect. (Re- 


pseudobranchial artery and pituitary vein, (the 
the trigemino-pituitary fossa). | 
cerebral vein and profundus nerve through a common foramen 


The former lying dorsal to and somewhat 


|Obliquus inferior inserted in the orbit. | 

ye stalk present, well developed, slender. 

Internasal septum very broad, platelike. 

Subnasal fenestra and basal communicating canal absent. 


capsule medially partly membraneous (with nasal fontanella). See 


‘0 articular process on the nasal capsule. | 


:moid process not differentiated from the antorbital process. 


ctethmoid chamber present, (according to ALLIS) covered by a glistening 
membrane (nasal fontanella). 

Rostrum very broad, but short. It is separated from the nasal capsule 
by an incisure filled in by a spanning ligament. This incisure is some- 
times directed frontad. (ALLIs).? 


No paired rostral rods. 
No buccalis canal. The anterior part of the buccalis VII and maxillaris V 


nerves run dorsally (dorso-laterally) to the antorbital process. 


vein canal is believed by ALLis to represent possibly a remnant of the "basal 
communication” of GEGENBAUR 
? According to ALLIs, this incisure corresponds to that found in Scywrnus and Acanthtias 
and in Centrophorus, where it is found near the tip of the rostrum. The ligament joining 
the lateral lamella of the rostrum with the nasal capsule in Acanthidium and Centro- 
cymnus apparently represents the spanning ligament in Chlamydoselachus. 
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Fig. 9. Skull of Chlamydoselachus anguineus. Adult specimen. (From ALLIs, 1923.) 


3. [Ophthalmicus VII and buccalis VII running outside the rostrum. | 

. Antorbital process present, fused with the ectethmoid part of the antorbital 
frame, and not pierced by any nerve. 

. [No rostral appendices. | 

. [No connection between antorbital process and rostrum. | 
No ethmoid canal (of GEGENBAUR). 

3. Anterior opening of the orbito-nasal canal in the ectethmoid chamber. A 
branch of the anterior facial vein enters the chamber at the posterior border 
of the nasal fenestra and joins the orbito-nasal vein. 

Hyomandibula long (slender). 

| No pseudohyoid. | 

Hyoid copula rather long, but narrow. 

Palatoquadrate with a strong orbital process on its dorsal margin. No 
otic” process. 


Palatoquadrate and mandibula long, extending far into the ethmoidal region 


frontally (mouth terminal) and past the auditory region caudally. 


Prespiracular cartilages usually absent, but rudiments sometimes present 
(ALLIs). 
. [Postspiracular cartilages absent. | 


Labial cartilages present (two dorsal and one ventral), well developed. 


Comparison between Chlamydoselachus and the Notidanids. 


A general agrement is particularly noteworthy between Chlamydoselachus 
and Notorhynchus. Heptanchus (and partly also Hexanchus) seems to stand 
somewhat apart. 

Chlamydoselachus agrees with the notidanids in the following characters. 


(The eleven that are common to all sharks are excluded.) 
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(11), 12, 14, (15), 
33, (34); 
15 + (19)= 34." 
n the characters enclosed within brackets the agreement does not concern 
all three notidanid genera simultaneously, or else is incomplete. 

Differences are found in: (2), 3. 4, (5), (6), (8), (11), (15), 18, (22), 

8), (29), (30), (34), 5), (37), (39), (42), 47, (48), (49), 
In the characters within brackets the difference is not complete. 

The principal differing characters are thus 3, 4, 18, 23 and 47. These concern 
the absence of a basal angle, the frontal position of the palato-basal articulation 
(process), the frontal articulation of the hyomandibula, the absence of a post- 

rbital articulation of the palatoquadrate in Chlamydoselachus. These diffe- 
rences need no further explanation. They clearly indicate that Chlamydo- 
selachus and the notidanids form different shark families if not different 


lines of development. The other differing characters (those within brackets) 


seem to be of less importance, as they partly include factors of agreement. 
Some remarks are, however, called for. 
In this character Chlamydoselachus agrees with Notorhynchus 
The shelflike palatobasal process is as in Notorhynchus. As this process 
in Chlamydoselachus lies in the frontal part of the orbit (4), the optic 
foramen also has a frontal position in Chlamydoselachus, but not in the 
notidanids. 
In an embryo of Chlamydoselachus a very rudimentary subocular shelf 
as found. 


an embryo of Heptanchus a rudimentary keel was found on the inter- 


- of the precerebral fossa 1 in Chlamydoselachus, membrane- 


agreements (34) or disagreements (24) seems 

rtheless gives a rough idea of the relationship between 

of agreements tells that the two forms have some 

ot tell how closely related they are, as the agreements 

netical value and as they may depend upon a convergence 

1 with any certainty. But the sum of agreements 

the two forms, to which the differentiated 

hen added. The greater the number of the agreements, 

close relationship between the two forms. The number of 

about relationship, as the divergent characters may be 
Ih 


phylogenetical importance, especially as it is uncertain in which of the 


two forms the differing characters belong to the basis of this form or in which of them 
the character is removed from this basis. It is more necessary therefore to discuss the 


differences than the agreemen cordingly in the following pages I have adopted the 
nethod of discussing tl ifferences individually. It hardly seems necessary to emphasize 


infortunately bound to be more or less hypothetical 
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5. The posterior cerebral vein with or without a posterior foramen of its 
own in Chlamydoselachus, with such a foramen in Hepianchus and 
Hexanchus, without in Notorhynchus. 


2. The postorbital process is long in Chlamydoselachus, Notorhynchus and 


Hexanchus, shorter in Heptanchus. 

The anterior cerebral vein and the profundus nerve with a common or 

with separate foramina in Chlamydoselachus, with separate foramina in 

the notidanids. 

Kye stalk well developed in Chlamydoselachus, Notorhynchus and Hexan- 

chus, rudimentary in Heptanchus. 

The internasal septum is broad in Chlamydoselachus and Notorhynchus, 

narrov in Heptanchus. 

Basal communication absent in Chlamydoselachus and Notorhynchus, pre- 

sent in Heptanchus. 

Ectethmoid chamber covered with a glistening membrane in Chlamydo- 

selachus, with rather undifferentiated connective tissue in Notorhynchus 

and Heptanchus. 

Rostrum very broad and short in Chlamydoselachus. In Notorhynchus and 

Hexanchus, — if present, the rostrum is also broad and short, in 

Heptanchus relatively long, conical. 

The anterior part of the buccalis VII and maxillaris V nerves run dorsally 

to the antorbital process in Chlamydoselachus, through an incomplete canal, 

dorsally to the process in Heptanchus and Notorhynchus. 

The ’antorbital” processe is not pierced by any nerve in Chlamydoselachus, 

in the notidanids buccalis VII branches pierce the process. In Heptanchus, 

however, specimens are found, in which no piercing occurs. 

Chlamydoselachus and Notorhynchus have no ethmoid canal. In Heptanchus 

and Hexanchus this canal is present. 

In Chlamydoselachus the palatoquadrate extends frontally almost to the 

frontal end of the ethmoid region, in notidanids only into the posterior 

part of it. Posteriorly it extends beyond the occipital region in both cases. 

Rudimentary spiracular cartilages (7) are occasionally found in Chlamydo- 

selachus.' 

In Chlamydoselachus two upper and a lower labial cartilage are present. 

In Notorhynchus the anterior upper is well developed whereas the posterior 

upper and the lower ones are rudimentary and fused. In Heptanchus 

and Hexanchus the anterior upper cartilage only is present. 

The preceding remarks afford evidence of a general relationship between 

Chlamydoselachus and the notidanids and also warrant the conclusion that 


' There is some doubt as to whether these cartilages really correspond to the spiracular 


cartilages of other sharks. 
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relationship is fairly close. The course of the maxillaris V and buccalis VII 


nerve branches dorsal to the antorbital cartilage connects the two groups more 


ly than do the great many other agreements. On the other hand, the 


finite 
absence of the postorbital articulation and the frontal extension of the palato- 
te, as well as the absence of a basal angle, remove the Chlamydoselachus 
the notidanids. The question may then arise whether the Chlamydose- 
notidanid-conditions of the palatoquadrate are primary or 
secondary. : there is nothing in Chlamydoselachus to indicate that there 
was formerly an otic” articulation as in the notidanids, and as among extinct 
lians there are genera with and without such an articulation, it may 
perhaps be possible to assume that Chlamydoselachus and the notidanids belong 
to two closely related parallel lines of the shark development. In the following 
show that squaloid sharks and notidanids must be closely related 
and evidence will also be given later on of an aggregation 

groups more or less near the Chlamydoselachus line. 
the question of which of the two groups may be considered the 
unsolved. This question involves a comparison with 


especially with the Devonian genus Cladodus, which I shall 


Chlamydoselachus and Cladodus. (Fig. 10 


The general agreement between Ciilamydoselachus and the upper devonian 
Cladodus-species (STENSIO [1926, 1937], Gross |[1937]), affords some con- 
L195 RY, d/ | 
firmation of the interpretation of Chlamydoselachus as a very archaic form. 
Complete knowledge of the development of the skull of Chlamydoselachus 
is, however, necessary for ascertaining more definitely the relationship between 


Cladodus as well as the other sharks. But this development is 


Besides the general agreement between Chiamydoselachus and Cladodus there 
are differences of fairly considerable importance. Such differences are: 
In Cladodus the arteria carotis communis was partly enclosed in the basal 
plate, which is not the case either in Chlamydoselachus or in any other 
recent shark or ray. 
2. In Cladodus the external carotid (orbital) artery and palatine nerves seem 
o have pierced the basal plate. In Chlamydoselachus these structures lie 
to | 1 the basal plate. In C/ ‘ 


completely outside the skull. In squaloids a palatine branch may pierce 


the basal plate and in Acanthidium eglantina, Centroscymnus, galeoids, 


Heterodontus. Rhinids, Chiloscyllids and Orectolobids the external carotid 


artery pierces the otical shelf. 


10 
now discuss. 
2.) 
Still unKNOWN. 
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3. In Cladodus hassaicus a hypophysial fenestra’ was present a long way in 
front of the foramina of the internal carotids (SteNns16). In Cladodus 
wildungensis the internal carotid is said to enter the skull through the 
large hypophysial fenestra (Gross). In Chlamydoselachus the hypophysial 
fenestra is closed rather early. So long as it is preserved it lies a good 
way in front of the carotid foramina, and the precarotid commissure must 
have been very broad. In Cladodus wildungensis the commissure must have 
been very narrow, in C. hassaicus very broad, judging from the position 
of the carotid foramina. So great a difference between two such similar 
forms being, however, most unlikely, it seems more probable, that the 


position in hassaicus is due to the enclosing of the frontal parts of the 


| 
0rb.a 
10. Skull of Cladodus hassaicus (wildungensis). Lateral aspect. (After STENSIO 
[1937]). Lettering mostly according to STENSIO’s interpretation. 


artery in the basal plate by means of closing the frontal part of a carotid 
groove such as that of wildungensis, or vice versa (STENSIO 1937). In 
Chladoselache Kepleri separate foramina for the hypophysial stalk and for 
the unpaired carotid artery were present (HARRIS 1938). 

In Cladodus a subocular shelf is present behind the palatobasal process 
(crista palatobasalis). In adult Chlamydoselachus no such shelf occurs. In 
squaloids, galeoids and others (compare sub. 3) this shelf portion may 
be present. 


The arrangement of the cranial foramina is different in many cases, but 


the general uncertainty as to their identification in Cladodus renders it 


impossible to make a detailed comparison. It seems certain, however, that 
the ophthalmicus superficialis VII nerve had a canal of its own with at least 
one foramen in the dorsocaudal part of the orbit, as it has in Hexanchus, 
galeoids and Orectolobids, but not in Heptanchus, Notorhynchus, Chla- 
mydoselachus and other recent sharks and rays. 
In Cladodus an eye-stalk area seems to be present in the orbit. In Chila- 
mydoselachus no such area occurs. In embryos of squaloids, however, in 
1 There is some doubt about this hypophysial fenestra, as there is in my embryo of 
Chlamydoselachus a wide basicranial fenestra, wich probably earlier had a wider extension. 
The hypophysial fenestra of Cladodus suggests such a basicranial fenestra more likely 
than a hypophysial. 
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the corresponding region a part of the orbital wall is formed from the 

premandibular somite, which also produces the eye-stalk. Perhaps this 

area in Cladodus corresponds to this special part of the orbital wall in 
selachian embryos. 

The differences between Cladodus and Chlamydoselachus would be much 

ore pronounced if the canals through or below the postorbital process 

of Cladodus had been correctly determined by earlier workers. In Cladodus 

hassiacus, investigated by STENS16, a wide canal for the jugular vein is 

said to pierce the postorbital process, dorsally to the foramen for the 

hyomandibular nerve. In a corresponding position Gross has described 

in Cladodus wildungensis a much wider canal, which is said to have con- 

tained the jugular vein together with other structures. In both cases the 

iyvomandibular nerve has a foramen of its own lying behind the prefacial 

is a part of the wall of the brain-case. In both cases 

: postorbital process is united with the basal plate by 

road column, which seems partly to form the lateral wall of the 

’ and of the hyomandibular canals. In Chlamydoselachus a similar 

ilso present. It seems to be more pronounced in the embryo 

in the adult, and there could be traced down to in front 


the hyomandibular foramen, where it ends on the prefacial commissure. 


This column is pierced dorsally by a wide canal beginning in the posterior 


4 


and ending on the posterior wall of the column. This 

rly corresponds to the ”jugular canal” in Cladodus, but in 

loselachus it contains the ramus oticus VII (of the lateralis system), 

otic part of the infraorbital sensory line. ALLIs has 

well described this canal, which had already been found in Heptanchus 

by GecEeNBAUR. ALLIs also found in Chlamydoselachus one or two other 

line nerve canals associated with the wide one. In Heptanchus 

‘ior opening of the canal lies in a deep and broad fossa (fig. 2), 

pierces the postorbital process. A corresponding fossa must 

have been responsible for the width of the canal in Cladodus. In Heptanchus 

the fossa contains the most anterior part of the musculus constrictor dor- 

alis. In Cladodus this part may have broken through the column of the 

postorbital process along the nerve canal and inserted itself into the dorsal 

part of the orbit as well. From the preceding lines it is clear that the 

jugular vein did not pierce any part of the neural cranium in Cladodus 

but must have had the same position as in Chlamydoselachus, viz., com- 

pletely outside the neurocranium. As in Chlamydoselachus the lateral com- 

is quite membraneous,’ it may have been so in Cladodus, provided 
such a commissure was present at all. 

1 Chlamydoselachus a prochondrial nucleus is present in the membraneous 

a real lateral commissure was once present. 
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Though the differences quoted 
do not at first sight impress one 
as being of any very great im- 
portance, yet I think some of them 
are. In the preceding Part I of this 
paper I have shown that all parts 
of the ectomesodermal tissues are 
liable to chondrification. The en- 
closing of the external carotid 
artery and the ophthalmic nerve in 
the cartilage of the skull in Clado 
dus may thus be the result of an 
additional chondrification of a 
more superficial mesenchyma than 
in Chlamydoselachus, where the 
corresponding structures lie out- 
side the skull. The Cladodus condi- 


Fig. 11. Skull of Cladodus hassaicus (wildun- 


gensis). Ventral aspect. (After STENSIO [1937]). 
primitive than those of Chlamydo- ‘Lettering mostly according to STENSIO's inter- 
pretation. 


tions ought to have been more 


selachus, bringing Cladodus nearer 

Vl. ? 
to Arthrodires, in which the en 
closing of the bloodvessels and 
nerves was even more pronounced 


than in Cladodus, as even the most 


superficial parts of the mesenchyma 


formed skeletal tissues in close con- 
nection with the endocranium. 
When comparing Chlamydose- 
lachus with notidanids and squa- 
loids, it will, in a later part of this 
work, be suggested that the lack 
or reduction of the lateral commis- 
sure should be correlated to the 
development of the high posterior 
part of the palatoquadrate, which 
afforded sufficient protection to 
the jugular vein and the hyomandi- 
bular nerve without any lateral 


Fig. 12. Skull of Cladodus wildungensis. A. Left 
commissure. This interpretation of Jateral wall. B. Left orbit without postorbital 
the conditions seems to tally well Process. C. Processus postorbitalis from behind. 

: (After Gross [1937]|). Lettering mostly according 
with the conditions in Cladodus, to Gross’ interpretation. 
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he high posterior part of the palatoquadrate made a_ protecting 

commissure superfluous. As, however, a rudimentary lateral com- 

in all selachian embryos, there probably existed a phylo- 

the commissure was functional. The special develop- 

posterior part of the palatoquadrate in recent squaloid selachians, 

bterus, is due to the addition of the extrapalatoquadrate mesen- 

palatoquadrate, forming in Etmopterus and others the “otic 

lium I could find neither an extra palatoquadrate rudiment, 

are many other points of agreement between 

‘oid sharks and the latter also lack an otic process 

Cladodus Chlamydoselachus Galeoids for- 

elopment parallel with that of Notidanids-Squaloids. An 

ist the latter would be the presence of an otic process, 

process. Remnants of the Clododian branch 

Devonian but the oldest notidanid remnants, 

jurassic. It must not, however, be concluded 

tidanids have not ranged much further back 

One argument against the theory of a 

a lateral commissure in typologically 

series. But as in Chlamydoselachus as well 

a rudimentary lateral commissure is present it 

tf the question that chondrification could take place indepen- 

dently in this commissure. Chondrification is a physiological rather than a 
morphological 


1 


to make a detailed comparison between Cladodus and 


notidanids < » differences between them are greater than between the 


hus. Undoubtedly there was a relation between the 
ids and the Cladodus-group, but this may be derived from remote an- 


and have been passed on by a series of shark types of which the details 


neural skull are still unknown. 


In one adult specimen of Chlamydoselachus ALiis (1923) found a series 
of three rudimentary prespiracular cartilages lying at the dorsal border of 
the palatoquadrate and outside the spiracular canal. They seem to have been 
arranged as branchial rays belonging to the posterior (upper) margin of the 
palatoquadrate, a long distance behind the level of the postorbital process. 
It is of great interest to be able to state that in my 127 mm Chlamydoselachus 
the branchial ray bar of the palatoquadrate lies more frontally and is really 
in close connection with the rudimentary lateral commissure of this stage. 
This is the normal position in the embryos of selachians. The distance between 
the postorbital process and the spiracular cartilages in ALLIs’ specimens 


depends upon a shifting of the spiracular canal in a caudal direction perhaps 


the 

latter < 

Of the 
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correlated with the caudal extensions of the palatoquadrate. Assuming that 
the ancestors of modern sharks had a palatoquadrate more or less like that 
of the living Chlamydoselachus or the notidanids', with a series of branchial 
rays (spiracular cartilages) on its posterior (upper) margin as in Pleuracanthus 
according to JAEKEL, and a slender hyomandibula lying more or less parallel 
to its posterior margin, it seems possible to suggest how the conditions in 
the squaloid sharks, for instance, arose. A common feature of the palato- 
quadrate in squaloids (and galeoids also) is its short frontal as well as caudal 
extension, resulting in the more or less transversal mouth opening. The caudal 
divergency of the palatoquadrates corresponds to the broader space in which 
the spiracular canal runs. The spiracular cartilages that had previously been 
connected with the palatoquadrate as well as with the spiracular gill lost their 
connection with the palatoquadrate and remained in connection with the 
spiracular canal, developing into separate spiracular cartilages. They thereby 
retained their ontogenetical relation to the lateral commissure. Accepting 
the idea of a parallel development of squaloid and galeoid sharks, we must 
assume that the mandibular rays independently underwent such a development 
from regular mandibular rays into a detached spiracular complex essentially 


of the corresponding character. This is evidence against the theory of a 
parallel development, which should not be underestimated, although the diffi- 
culty is not insurmountable. Besides, it must be borne in mind that the rays, 
which are not closeby related either to squaloids or to galeoids, have a 


spiracular apparatus of the same type as these sharks. 


THE SQUALOIDS. 


The most important adult neurocranial characters in squaloid sharks are: 

1. [Notochord (partly) preserved in the basis cranii.| 

2. Basal surface of the skull behind the etmoidal region consisting of a 
narrow anterior (suborbital) and a broad posterior (postorbital -+- sub- 
otical) portion. The posterior portion may be flat or somewhat obtusely 
keeled medially. Generally the frontal end of this part is narrower than 


its medium part. Hypophysial pit absent (except in Etmopterus). 


A not very strong basal angle present (at the level of the posterior part 


of the palatobasal process). 

Palatobasal articulation at the basal angle, level with the posterior part 
of the orbit. 

Palatobasal process consisting of a more or less strong anterior, trabecular, 
and a well-developed posterior, polar, portion. Between the two portions 


This assumption is justified by the conditions in Cladodus, Pleuracanthus and other 
shark types. 
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a more or less well-defined articular grove along which the palatoquadrate 
ascends dorsad into the orbit. 

A short subotical shelf present behind the palatobasal process. This shelf 
is pierced by the external carotid (orbital) artery (except in Oxynotus). 


The palatine nerve piercing the basal part of the lateral commissure 


frontally (except in Osxynotus). (In young specimens it lies in front of 


the comissure. ) 

Internasal plate with or without a medial keel on its ventral side. If present 
this keel may extend from near the tip of the rostrum to the palatobasal 
process. 

Carotid foramen generally single. (In Acant/idium eglantina, Centronotus 
and Sommiosus two foramina.) 

[Prefrontal fontanella present. | 

Precerebral fossa present. 

No frontal or parietal fontanella. 

| Parietal fossa deep. | 

No occipital condyles. 

Posterior cerebral vein entering the X-canal or with a separate canal. 
Auditory region long. 

Lateral commissure always present. 

Articular fossa for the hyomandibula in the posterior part of the auditory 
region behind the ’’bulla acustica”, which, however, is not at all pronounced 
externally. No vacuity below the fossa as in Notorhynchus. 

With or without a postotic process and foramen. 

Preorbital wall well developed. 

Preorbital canal present, containing the ophthalmicus superficialis VII. 
Profundus nerve with a foramen of its own. 

Processus, a) preorbitalis, b) supraorbital crest and c) postorbital process 
present. 

No articular surface on the postorbital process. 

V and VII nerves through the foramen prooticum. The hyomandibularis 
VII with or without a separate foramen. Prefacial commissure present 
or absent. 

[Separate foramina for the pseudobranchial artery and the pituitary vein. ] 
Anterior cerebral vein and profundus nerve with separate foramina. 
[Obliquus inferior inserted in the orbit. ] 

Eye-stalk normally present (absent, for instance, in Oxynotus). 
Internasal septum relatively high. (Through medial fusion of the ventro- 
medial walls of the nasal capsules a secondary septum has arisen in 
Oxynotus. ) 


Subnasal fenestra (basal communication) present (except in Osrynotus). 
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Nasal capsule with smaller or greater unchondrified parts, specially 
caudally and mesially. 

[No articular process or surface on the nasal capsule. | 

Ectethmoid process present, carrying the membraneous antorbital ’’carti- 


lage’. 


[Xctethmoid chamber present, well delimited in, for instance, Scymnorhinus, 


not well delimited in, for instance, Squalus. Absent in Oxynotus. 
Rostrum present, with or without a dorsal depression, forming part of 
the precerebral fossa. In species with such a depression the rostrum carries 
lateral expansions at its frontal part. 
No paired rostral rods. 
[No buccalis VII canal.] The buccalis VII and maxillaris V go ventral 
to the ectethmoid process. 
[Ophthalmicus VII and buccalis VII not enclosed in the rostrum. | 
Antorbital ’cartilage’ never chondrified, forming a membrane below 
the eye. 
| No rostral appendices. | 
{No connection between the antorbital cartilage’ and any rostral ap- 
pendix. | 
Ethmoid canal present. 
Anterior opening of the orbito-nasal canal in the ectethmoid chamber or 
parts derived from it. 
Hyomandibula short, strong and suspensorial. 
| No pseudohyoid. | 
Hyoid copula short and narrow or transverse, broad (bandlike). 
Palatoquadrate with a strong orbital process on its dorsal margin or on 
its inside (Oxynotus and others). The "otic process not reaching the 
postorbital process. 
Palatoquadrate and mandibula short, not entering the ethmoidal region and 
not reaching behind the occipital region. 
Prespiracular cartilages generally present, not fused on to a plate. 

. [Postspiracular cartilage absent. | 


Labial cartilages (generally two upper and one lower) present. 


Remarks on the Neurocranium of some adult Squaloid Sharks. 


As we have seen from the enumeration of the characteristics of the squaloid 
sharks, there occur many variations, and at least two different types can be 
differentiated in this family, viz. a Scymnorhinus type and a Squalus type. To 
the former belong Scymnorhinus, Oxynotus, Etmopterus and Somniosus, to 
the latter Squalus, Centrophorus, Scymnodon, Centroscymnus and Acanthidium. 
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The Scymnorhinus-ty 


to this type are 1. the short or rudimentary rostrum 
the 


e precerebral fossa not extending upon the rostrum, 
ithout a ventral keel, at any rate on its anterior part, 
‘ast frontally well delimited. (The articular 


the palatoquadrate reaches high up into 


long and narrow, the greatest ‘ being over the 


postorbital processes are irecte ’ aterad. The 


skull slopes down gradually, that the distance from 


the upper border of » foramen magnum is about the 


poste art i postorbital 


Scymnorhinus licht (Scym- 
1). Dorsal aspect 


ymnorlinus lichi (Scym- 
Ventral aspect. 


1 


kull of Scymnorhinus licht (Scym- 
nus lichia). Lateral aspect 
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process. The precerebral fossa is rather short and narrow, frontally not reaching 
out on to the rostrum. The rostrum is short but high. The nasal capsules are 
separated on the ventral side by the internasal plate, the middle of which is 
concave, the anterior part slightly keeled and the posterior forming almost a 
right angle with the very thin lower part of the interorbital wall. The nasal 
capsule is thus broadly connected with the upper part of the internasal septum 
(plate) in front of the precerebral fossa. The lower part of the interorbital 
wall runs directly into the palatobasal processes. Seen from the ventral side 
these form two broad surfaces, which are very distinctly concave. The articular 
groove for the orbital process of the palatoquadrate is rather broad and deep. 
In the ethmoidal region the ectethmoid chambers are very conspicuous. Each 
chamber is a deep depression on the ventral side of the ethmoidal region, 
medially bordering on the posterior ridgelike part of the internasal plate, 
frontolaterally on the posteromedial portion of the nasal capsule and caudally 
on the (slightly developed) ectethmoid process. The chamber is divided by 
a ridge or low wall, reaching from the posterolateral part of its caudal border 
to the internasal plate, into a posteromesial and a frontolateral part, the former 
of which contains the basal communicating canal of GEGENBAUR (subnasal 
fenestra), the latter the anterior opening of the orbitonasal canal. The lateral 
commissure is only chondrified outside the hyomandibular nerve. No prefacial 
commissure. The palatine nerve pierces the anterior part of the lateral com- 
missure. 

In Scymnorhinus the palatoquadrates in front of the orbital processes form 
a rather thin horizontal lamina, with the symphysis running through its mid 
portion. At the frontal border of the lamina a great semicircular symphysial 


cartilage is developed. The lower jaw is frontally very high. 


Oxynotus centrina. (Fig. 16—18.) 


The hypertrophical development of the cranial cartilage and the frontally 
directed big nasal capsules seem to be responsible for the peculiar development 
of the skull of Oxynotus. In fact, the Oxrynotus differs from Scymnorhinus 
in a number of characters, such as the absence of an ectethmoid chamber 
and subnasal fenestra, the keelshaped internasal plate, to which the ventrally 
fused nasal capsules are joined, the absence of an orbital opening of the 


orbitonasal canal, the orbital part of the canal being reduced to a groove, 


which leads to a very short orbitonasal canal lying level with the very reduced 


ectethmoid process. The rostrum is a very short, thick and broad process 
between the anterior portions of the nasal capsules. On each side of the 
rostrum a small cartilaginous nucleus possibly represents the lateral processes 
of, for instance, the rostrum of Squalus. The palatobasal processes are very 


voluminous. The articular groove for the orbital process of the palatoquadrate 
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Fig 


Fig. 16. Skull of Oxaynotus centrina. 
Dorsal aspect. 


Skull of centrina. 
Ventral aspect 


Fig. 18 Skull of Oxynotus centrina. 
Lateral aspect. 


is broad and deep. The hyomandibular nerve leaves the cranium a considerable 
distance behind the lateral commissure (so that there is a broad prefacial 
commissure). Inside the lateral! commissure passes the jugular vein only. The 


palatine nerve and the external carotid artery lie outside the skull. 


The palatoquadrate has a horizontal, thin frontal (symphysial) portion, 


as in Scymnorhinus but lacks the symphysial cartilage. The form of the lower 
jaw is almost identical with that in Scymnorhinus. The construction of the 
jaws is the essential reason for my regarding the skull of Oxynotus as being 


of an aberrant Scymnorhinustype. 
Etmopterus spinax. (Fig. 19—21.) 
In the oldest embryo described in the first part of this work the general 
characteristics of the adult skull have already been differentiated. I shall 
therefore confine myself to a few remarks only. 
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Fig. IQ. 


. Skull of Etmopterus spinax. Dorsal 
aspect. 


. Skull of Etmopterus spinax. Ventral 
aspect. 


21. Skull of Etmopterus spinax. Lateral 
aspect. 


The rostrum is short and platelike, narrower at the base than at the sligthly 
bilobed tip. The nasal capsules are large, fused directly on to the sides of the 
narrow (ridgelike) internasal (septum) plate. This plate is ventrally continued 
caudad in the form of a narrow medial lamina, which separates the two 
ectethmoid chambers from one another. (The buccalis nerve runs along the 


ventral surface of the nasal capsule at a distance from the medial line.) The 


ectethmoid chambers are very large, well delimited frontally, but caudally 


and laterally gradually flattening out towards the preorbital ridge. The sub- 
nasal fenestra (basal communication) is very wide. The preorbital ridge forms 
a thin lamella extending caudoventrally into a rather broad lamelliform ecteth- 
moid process. The chondrified envelope of the infraorbital sensory canal is 
fused on to the lateral edge of the preorbital ridge. Level with the antero- 
medial portion of the ectethmoid process the basal surface has in front of 
the palatobasal process a strong compressed ventro-frontally directed process 
(keel-cartilage). The anterior part of the palatobasal process is scarcely more 
than suggested, ventrally keelshaped, the posterior part strongly developed. 
The articular groove is well marked. A small hypophysial fenestra is some- 


times present in the midline, level with the posterior palatobasal processes. 
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men. The external carotid artery pierces a subotical shelf 
The lateral comissure is but weakly chondrified and narrow. The 
indibular nerve and the jugular vein run inside the commissure. A short 
ial commissure occurs. The precerebral fossa is very broad and long, 
‘aching as far as the rostrum. The palatine nerve issues in front of the 
‘ommissure. 
palatoquadrate has a horizontal lamelliform anterior (symphysial) por- 
foramen, found in the embryonic palatoquadrate at the limit between 


and anterior part, is preserved in the adult fish. The lower jaw 


long, contains no calcification at all. It 
and spongy a its processes blunt and bulky. The rostrum is 
rudimentary. The internasal plate is frontally flat, more caudally 


in transverse ‘tion, the wedge extending backwar to a level 


the ectethmoid processes. The ectethmoid chamber extends from the 
sal fenestra frontad as a broad and deep groove, of which the cuneiform 
] 


4 


plate forms the medial wall, the nasal capsule the lateral. The groove 
most suddenly becomes shallow frontally where the flat portion of the inter- 
begins. The ectethmoid chamber is thus somewhat delimited 


nterior opening of : orbitonasal canal is separated from 


the ectethmoid groove by a low and broad ridge. The ectethmoid chamber is 


into a medial deep and a lateral flat portion. The 

the palatobasal process is but little pronounced, but the 

is very strong continuing caudally into the shelf of the orbit. The 
is broad but shallow. A lateral commissure is present outside 
hyomandibular nerve. The primary hyomandibular 

the commissure, a broad prefacial commissure being 

1. TI 


developed. The palatine nerve perforates the lateral commissure at its frontal 


border. The inner carotid artery is partly embedded in the basal plate; two 
carotid foramina are present. The orbital artery leaves the carotid artery from 


its embedded portion and transverses the basal plate to attain the orbit. In 


front of the carotid foramina and on a level with the palatobasal process two 


known nature (palatine arteries’)? occur. The precerebral fossa 


foramina of un 
is well developed reaching frontally to the frontal end of the skull. 
The f portion of the palatoquadrate is cylindrical and the lower jaw 


exceptionally strong 


good description of tl cull of Somniosus (Laemargus) is given by WHITE (1892). 
his skull was kep a long time at the institute, and many points concerning the 


1] 


oodvessels and nerves could not therefore be satisfactorily determined. 
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The Squalus-ty pe. 


Common characteristics of this type are 1. a well developed rostrum, 
generally provided with a lamelliform process on each side near the tip. 2. the 
precerebral fossa generally extending to the tip of the rostrum (except in 
Acanthidium). 3. the internasal plate with a ventral keel continuing along the 
rostrum. 4. the ectethmoid chamber not well delimited frontally, consisting 
of a medial deep portion containing the basal communication, and a caudo- 


lateral flat portion with the anterior opening of the orbitonasal canal. The 


medial portion is continued frontally by a broad and frontally not delimited 


groove between the medial keel and the nasal capsule; the caudolateral portion 
is not delimited at all, its (theoretical) existense only being indicated by the 
position of the opening of the orbitonasal canal, and 5. the anterior portion 


of the palatobasal process not well pronounced (except in Scymnodon). 


Squalus acanthias. (Fig. 22—24.) 


The general shape of the skull of Squalus is so well known that only a few 


remarks will be made to supplement the figures. The boatshaped rostrum has 


carot 


Skull of Squalus acanthias 
Dorsal aspect. 


Skull of Squalus acanthias. 
Ventral aspect. 


Skull of Squalus acanthias. 
Lateral aspect. 


29 
/ 
22 
10 A 1 
ae 
ay - 
SN 
iJ 
Fig. 22. Fig. 23 
op W 
Fig. 22. 
efn prof: acu 
padln postot p 
! 
hm. 
pity 
Fig. 24. 
20 


NILS HOLMGREN 


a very strong keel on its ventral surface. This keel extends caudally to the 
suborbital part of the basal surface, which is rather broad, semicirkular in 
transverse section, with but little pronounced anterior palatobasal processes. 
The hyomandibular nerve and the jugular vein run inside the lateral comis- 
sure, of which the dorsal part (outside the vein) is membranous, the ventral 
(outside the nerve) chondrified. A short prefacial commissure is present in 
the orbit. One carotid foramen. The external carotid pierces the border of 
the basal plate and the palatine nerve the anterior part of the lateral commis- 


sure. A postotic process with foramen is present. 


inodon squamulosus. (Fig. 25—27. 


he precerebral fossa nevertheless extends along 


teral borders of the precerebral fossa lie but very 
above the level of the dorsal lines of attachment of the nasal capsules. 
medial ridge on the ventral surface of the internasal plate is rather low, 


of Scymnodon squamulosus. 
Dorsal aspect 


Scymnodon squamulosus. 
Ventral aspect. 


‘ig. 27. Skull of Scymnodon squamulosus. 
Lateral aspect. 
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reaching out to the rostrum and continuing in a high and thin medial ridge 
(interorbital septum) connecting with the basal plate in front of the anterior 
portion of the palatobasal process. This part of the ridge has an angular 
process in its medial part, and is pierced by a fenestra. The ectethmoid process 
is broad and short, and the space between this process and the nasal capsule 
is short and depressed and contains the anterior opening of the orbitonasal 
canal. The anterior portion of the palatobasal process is broad: the articular 
groove for the orbital process of the palatoquadrate is well marked, reaching 
high up in the orbit. The lateral commissure is developed outside the jugular 
vein only, as the hyomandibular nerve issues directly from the brain cavity 
(prefacial commissure present) behind the commissure. The palatine nerve 
perforates the lateral commissure ventrofrontally. The external carotid pierces 
the subotical shelf. One carotid foramen. Postotic process and foramen postoti- 


cum absent. 
Centroscymnus owstoni. 


The skull of this species reminds very much on that of Scymnodon (and 


also of Etmopterus) but the precerebral fossa is narrower but longer and does 
not reach the rostrum, which forms dorsally an elevated knot in front between 
the great olfactory capsules. The precerebral fossa does not reach the rostrum. 


On the lower side the medial ridge of the internasal plate reaches the rostrum. 


Centrophorus granulosus. (Fig. 28—30.) 


This species is undoubtedly closely related to Squalus. Its ethmoidal region 
is almost similar to that in Squalus. The rostrum is shorter than in Squalus 
but somewhat longer than in Centrophorus sp. Its frontal part is thickened, 
with a pair of fairly deep pits, each of which forms the entrance to a short 
and rather wide canal opening on the lateral side of the rostrum, dorsal to the 
caudal part of the basis of the lateral process. The suborbital part of the basal 
surface is very narrow, caudally suddenly broadening to the wide part of 
that surface. The angle between the narrow and the broad parts filled with 
a thick cushion of tough connective tissue forming a gliding surface for the 
orbital process of the palatoquadrate. There are two foramina for the carotid 


arteries. A postotic process with a foramen postoticum is present as in Squalus. 


The jugular vein and the hyomandibular nerve run inside the chondrified 


lateral commissure. No prefacial commissure. 


Centrophorus sp. (probably acus. ) 


Centrophorus sp. differs very little from Centrophorus granulosus. The 
ethmoidal region, however, is broader and the rostrum shorter but with larger 


lateral processes. The suborbital part of the basal surface 1s somewhat longer 
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Centrophorus gra- 


Dorsal aspect 


Centrophorus gra 
ntral aspect 


Centrophorus gra 
Lateral aspect 


narrower than in Squalus and the posterior part of the basal surface much 
broader. The jugular vein, as well as the hyomandibular nerve, runs inside 
the chondrified lateral commissure. No prefacial commissure. In Centro 
bhorus sp. the postotic process with postotic foramen seems to be absent. 


Acanthidium eglantina. (Fig. 31, 32. 


The skull in Acanthidium is, in relation to that of the other squaloids, long 


and narrow. As GEGENBAUR has stated in the case of Acanthidium calceum, 


the prolongation of the skull has taken place especially between the ectethmoid 


processes and the nasal capsules and also in the suborbital part of the basal 
surface in front of the anterior palatobasal swelling. The jutting-out portion of 
the rostrum is solid, ending with large lateral processes, as seen in the figures. 
The precerebral fossa consists of a rather broad posterior and a narrow an- 


terior portion the latter of which opens frontally in a fenestra running 
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transversely through the compressed dorsal portion of the rostrum at the 
frontal end of the fossa. Two carotid foramina and a postotical process with 
postotic foramen are present. The jugular vein, as well as the hyomandibular 


nerve, is covered laterally by the chondrified lateral commissure. A_ short 


Fig. 31. Skull of Acanthidium eglantina Fig. 32. Skull of Acanthidium eglantina 
Dorsal aspect. Ventral aspect. 


prefacial commissure is present in front of the lateral commissure. The external 


carotid (orbital artery) pierces the basal plate. A foramen for the palatine 


nerve is present on the lateral commissure. 


Comparison between Notidanids and Squaloids. 


A comparison between the characters of notidanids and squaloids shows 
that these groups must be closely related. Agreements are found in the 
characters: (2 4), (4), (7), (8), (Q), 14, 12, -14,. 15, 16, (19), 20, 
), 30, 42, 43; (40), (47), 


Differences occur in (2), (3), (4), (6), (7), (8), (9), 17, 18, (19), 23, (24), 


21, 21, 22, (24), 20, 28, 29, (30), 31, (34), (35 
(30), 33, (34), (35), 37, 39, 44, (46), (47), 48, 49, (51). These differentiating 
characters belong to two classes, of which the fifteen within brackets occur 
only in certain cases or but partially, the nine others constantly. Of these 
constant differences nos. 17, 22, 23, 44, 48 and 49 may form a complex, de- 
pending upon the peculiar development of the palatoquadrate and its double 
connection with the neural skull (in notidanids). The absence of a lateral 


commissure (no. 17) and prespiracular cartilages (no. 49) may be a conse- 


quence of the height of the articular part and the long caudal extension of 


the palatoquadrate in the notidanids, where also the long and slender hyomandi- 


bular (no. 44) may be correlated to the latter. The characters (3), 18, 33, 37 


and 39 in notidanids are probably independent of the development of the 
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palatoquadrate. The position of the articular facet for the hyomandibula (18) 
dorsal to the posterior part of the bulla acustica in notidanids does not occur 
in squaloids, but is characteristic in Chlamydoselachus. This difference may 
be correlated with the different development of the hyomandibula and the 
absence of a distinct bulla acustica in squaloids. The characters 33, 37 and 39 
have already been discussed (p. OO). 

ill now be made about the more occasional differences: 
two divisions of the posterior part of the basal surface charac- 
Heptanchus occurs in the Scymnorhinusgroup of sharks, but are 

less pronounced. In addition, a hypophysial pit may be present in 
terus 
The very strong basal angle peculiar to the notidanids is not so strong 
in any squaloid shark. 
The difference between notidanids and squaloids in the position of 
angle in relation to the orbit seems to be of no very great conse- 
this position varies in squaloids. In Oxynotus and in Scymnodon 
lies a little further in front than is usually the case in squaloids, 
ition resembling that in notidanids. 
The subotical shelf in squaloids is formed at the lateral border of the 
anterior portion of the broad part of the basal surface, jutting out laterally. 


In Heptanchus the corresponding border is well marked but does not form 


a shelf. Moreover, in Oxynotus and in Scymnorhinus one could hardly say 


that a shelf is present, and in other squaloids the ’shelf” has a very variable 
The occurence or absence of such a shelf seems to constitute a 

lifference of no particular importance. 
(7) In squaloids the palatine nerve generally pierces the cartilage of the 
interoventral part of the lateral commissure. In notidanids no commissure is 


present, and the nerve thus runs outside the cartilage of the skull. In Oxynotus 


the nerve seems to lie outside the skull, and this is always the case in embryos 


f the Scymnorhinusgroup is partly at least devoid 

The Squalusgroup always has such a keel. In 

this connection it is of great interest to note that in a 75-mm embryo of Hep- 
tanchus a short ridge is present in the midline between the two ectethmoid 
chambers. This ridge is connected caudally with the basal plate, but frontally 
becomes free from it with a pointed frontal ending. This ridge is apparently 
part of the medial area and corresponds to the medial ridge in Squalus, 
which frontally forms the ventral ridge of the rostrum. In the Heptanchus 
embryo its frontal end does not reach the frontal border of the ectethmoid 
fossa. In sharks of the Scymnorhinusgroup a corresponding ridge is much 


longer but does not reach the anterior part of the internasal plate, and conse- 
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quently not the rostrum either. In this respect the existence of the short ridge 
in Heptanchus connects this genus with the squaloid sharks. 

(9) Two carotid foramina occur in notidanids and a few squaloid sharks, 
such as Somniosus, Acanthidium and Centrophorus. The other squaloids have 
one only. 

(19) The occurrence of a post tic process and foramen seems to be re- 
stricted to the Sgualusgroup only. In the Scymnorhinusgroup | did not find 
any postotic process and foramen. 

(24) In notidanids the hyomandibular nerve has a foramen of its own 
behind a prefacial commissure. This condition also occurs in most squaloids, 
as there is a prefacial commissure present mostly in front of the lateral com- 
missure. In Oxynotus and Somniosus the prefacial commissure is long, in 
the others rather short. This commissure is absent in Scymnorhinus and 
Centrophorus. 

30) The basal communication (of GEGENBAUR) is present in Heptanchus 
and most squaloids but absent in Notorhynchus (and Hexanchus) as well as 
in Chlamydoselachus. 

(34) The ectethmoid chamber is well delimited in notidanids, and in most 
sharks of the Scymnorhinusgroup. In those of the Squalusgroup the chamber 
is partly reduced and not delimited frontally. In notidanids as well as in 
squaloids the ectethmoid chamber is filled with diffuse connective tissue and 
not covered with any glistening membrane of tough connective tissue as in 
Chlamydoselachus. 

(35) In notidanids and sharks of the Scymnorhinusgroup the rostrum is 
short. The precerebral fossa in the latter does not extend upon the rostrum. 
This is, however, the case in Heptanchus and Notorhynchus and in the Squalus- 
group. 

(46) In notidanids and in squaloids a narrow as well as a broad hyoid 
copula may be present. 


(47) No postorbital articulation occurs in squaloid sharks as it does in 


Heptanchus. But this articulation seems to be more loosely organized in 


Hexanchus and Notorhynchus than in Heptanchus. 

(51) The absence of a separate lower labial cartilage in notidanids is not 
apparently a difference of much importance as the posterior labial cartilage 
in Notorhynchus is composed of the upper posterior and the lower labial 
cartilage as in other sharks, but fused. 

The only possible conclusion to be drawn from the discussion of the charac- 
ters given in the preceding lines is that the squaloids and notidanids are 
closely related since the most important of the distinguishing characters are 
those due to or connected with the development of the postorbital articulation 
in notidanids and the course of the anterior part of the buccalis VII and 


maxillaris V nerves. The group of Scymnorhinus seems to come nearer the 
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notidanids than the Squalusgroup, a conclusion which already seems to have 
resulted from the work of GEGENBAUR. | am therefore inclined to derive the 
squaloid sharks from notidanids or from an extinct shark-group closely related 


to the living notidanids. 


RHINA SQUATINA (Fig. 33 


The skull of Rhina has the following characters: 
Notochord entering the skull from behind and partly preserved in the 
basis cranii. | 


the neurocranium broad and flat. 


angle. A "presphenoid” bolster present. 


asal process 

Palatobasal process 4% broad and long, shelflike, not delimited from 
the subocular shelf. 
sasal plate with a shelflike edge in the posterior part of the orbit, behind 
the pal itobasal process ; this shelf is pierced by the external carotid (orbi 
tal) artery 
Palatine nerve not piercing any part of the skull. 
No medial keel on the basal plate. 
One carotid foramen. 
| Prefrontal fontanella present. | 
Precerebral fossa present. 
No frontal or parietal fontanella. 

ietal fossa deep. | 
Occipital condyles present on both sides of the notochord, ventral to the 
foramen magnum. 
Posterior cerebral vein with a separate (posterior) foramen. 
Auditory region long. 
A strong lateral commissure present, the hyomandibular nerve and the 
jugular vein being insides this commissure. 
Articular fossa for the hyomandibula, a broad groove extending over more 
than the posterior half of the auditory capsule 
No postotic foramen. 
No preorbital wall. 
Preorbital canal very short, only piercing the cranial roof. 
a) Preorbital process not differentiated from b) the supraorbital crest: 
c) Postorbital process strongly developed with a flattened lateral part, 
bending frontally, to join the supraorbital crest and forming the lateral 


border of a big dorsal fenestra, corresponding to the very long flexible 
is given by ISELSTOGER (1937) 
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orba 


33. Skull of Rhina squatina. 
Dorsal aspect. 


34. Skull of Rhina squatina 
Ventral aspect. 


Skull of Rhina  squatina 
Lateral aspect. 


prolongation of the orbital process of the palatoquadrate which seems to 
pierce the cranial roof (in the prepared skull). 

No articular fossa on the postorbital process. 

V and VII nerves through the prootic foramen, the hyomandibularis VII 


with a separate foramen, a short prefacial commissure being present. 


[Separate foramina for pseudobranchial artery and pituitary vein. | 


a) Anterior cerebral vein with a separate foramen. b) The profundus 
nerve entering the orbitonasal canal. 

|< )bliquus inferior inserted in the orbit. | 

ve stalk present, slender. 

Internasal septum a broad and thin plate. 

No subnasal fenestra (basal communication ). 

Nasal capsule posteriomedially membranous, continuous with the tough 
glistening membrane covering the ectethmoid chamber. 

| No articular process on the nasal capsule. | 

No ectethmoid process. 

Ectethmoid chamber not separated from the nasal chamber, covered with 


a strong membrane (nasal fontanella). 
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35. Anterior border of the skull, broad, frontally bilobed. 
There appears to be no real rostrum. 

36. No paired rostral rods. 

37. No bucealis canal 
[Ophthalmicus VII and buccalis VII running outside 
the rostrum. | 
No antorbital cartilage. 
| No rostral appendices. | 


{No connection between antorbital cartila; 


» ectethmoid chamber 


Hyomandibula (Very ) 


15. | No pseudohyoid. | 


16. Hyoid copula (short) no 

17. Palatoquadrate with a not very str thondrified pro 
cess on its medial (dorsal) margin. This process ends 
with strong flexible ligamentous portion reaching the 
fenestra 


18. Palatoquadrate and mandibula very long and _ strong, 
passing beyond the ethmoid region. The palatoquadrates 
are cauda ly vide ly diy ergent 

49. Prespiracul ir 

50. | No postspiracular cartilage. 

Labial cartilages present (strongly developed). 
(1906) and IsELSTOGER (1937) to be a shark 
close affinities to rays. According to (GARMAN 
(1913), the skull and the branchial skeleton class Rhina with the sharks, but 
‘tebral column, the neural spines, the calcification, the shoulder girdle, the 
j lvis, the ventral fins and the dorsals approximate it to rays. 
ww proceed to make comparisons between the skull of hina 
ther 


rees with squaloids in the following characters : 


y 


a, 28, (30), 36, 39, 


3 
‘| 


‘-s from the squaloid sharks in: 


Rhina has the foll -haracters in common with Chlamydoselachus: 


(18), 19, 22 a, b, 23, (24), 28, 29, 


28 
1 
| 
y | 
/ 
pa } 
\ ae V 
VV 
f ~ 4} rum. | 
A 
J 2 \ short ethmoid Canal present. 
| 
13. Orbitonasal canal short, entering tne 
inside the nasal i mtanella. 
strong. TO) 
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j 
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WALA 
| 30 \ Nasal 
(15), 16, 17, (19), 22 a. b. 23, (24), 26 12, (43), 44, (40), 51. 
(9), 14, (15), (19), 20, 21, 22 c, (24), 26 b, 29, (30), 31, 33, 34, 35, (43), 
AR: 1 AC 
47, 40 an 19. 
2, ©), (7), 11, 12, 6, 
30 31, (33), 34, (35), 36, (43), 46, (48), 51 
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Khina differs from Chlamydoselachus in: (5), (6), (7), 14, 17 
20, 21, 22°C, (24), 2, $3, (35), 39, . 3), 44, 47, (48), 49. 

Rhina. has the following Chlamydoselachus characters not present in 
squaloids: 2, 3, 4, 5, 8, 29, 30, 31, 34, 35, (48). 

Rhina has the following squaloid characters not present in Chlamydoselachus: 
9G), 17, 2 3; 30, Az; Ad. 

From these comparisons it seems to result that Rhina has more characters 
in common with Chlamydoselachus than with squaloids and may therefore 
be a shark with a position closer to the chlamydoselachian branch than the 
squaloid (and notidanid) branch. 

Besides the chlamydoselachian and squaloid characters, however, Ahina has 
characters recalling galeoid sharks, as will be seen from the following com- 
parison: 

Rhina has the following characters in common with galeoids: 

Fy By 30, 190), 21, 
(47), (48), (49), 51. 

Rhina differs from the galeoids in: 9, I1, 

24, (26), 20; 35, 30) (47). (46),. (49): 
Rhina has the following galeoid characters not present in Chlamydoselachus: 
(20); 213, (20), 30, 44; (47); (49). 

Rhina has the following Chlamydoselachus-characters not present in galeoids : 

(45). 


II, 15, 1G: (ES), 20). (35); 305 17), 
Thus from these comparisons we may possibly conclude that A/ina is further 


removed from the galeoid sharks than from Chlamydoselachus and squaloids. 


d 


(Compare ALLIS, 1923, pg. 143). The relation of the galeoids to the Chlamye 
will be considered later. The relations 


selachus, notidanids squaloids 
between Rhina and Orectolobus will also be discussed later. 

Rhina has a restricted number of characters peculiar to itself: 14, (20), 
22 c, and 47, of which the presence of occipital condyles (14) 1s reminiscent 
of rays. But this is probably a convergence. 


"GALEOID SHARKS.” (Fig. 


The "galeoid sharks” include the groups or families Carcharoidei, Isuroidei, 
Caturoidet and Carcharhinoidei according to GARMAN’s classification. In the 
enumeration of characters only the Caturoidei and the Carcharhinoidei could 
be considered. This list of characters cannot therefore be satisfactory and 


include all possible variations of the galeoid shark type.’ Nevertheless for 


the sake of comparison, important characters are recorded here: 
The very aberrant skull of Sphyrna has not been included in the list of characters 
Scapanorhynchus has also been disregarded 


37, 35, 39.) 
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4 ch rd 


entering the skull from behind and partly preserved in the 


of the neurocranium broad and flat. Jn Carcharinus its 
as a very pronounced downward bend. (Tig. 39.) 


Palatobasal articulation in the frontal part of the orbit. 
Palatobasal process not delimited from the subocular shelf. 
subocular shelf present. The posterior (otical) part of the shelf 


the external carotid (orbital artery). This shelf portion very 


ot piercing the basal plate. 


on the basal plate. In Carcharinus, however, a very in- 


keel occurs 1 - frontal part of the plate. 


precerel Tal 


fossa deep. |] 


condyles. 


indibula in the anterior half of the auditory 


absent. 


in the cranial roof or a notch behind the preor 


fused on to the b) supraorbital crest, 1f 
mostly long, well developed, fused on to 


‘face on the post irbital process. 


\ 


and VII nerves through the prootic foramen, but the ophthalmicus V and 


VII have special foramina or a common foramen in the dorsal part of 


orbit. 


The hyomandibularis VII without a foramen of 


its own. No 
facial commissure. 


pseudobranchial artery and the pituitary vein 
‘r in the bottom of a trigemino-pituitary fossa). 
Anterior cerebral vein with a foramen of its own. A profundus foramen 
nerally present (absent in Scyllium). 
Obliquus inferior inserted in the orbit]. 
ye-stalk present 


or absent (Scyllium 


40 


basis cranii. | 
2 surtace 
4 -4 
frontal part h 
1 
No basal angle. 
I 
ie 
ralaltine en 
9. Two carotid foramina. 
10. | Prefrontal fontanella present. | 
11. No fossa. 
12. No frontal or parietal fontanella. a 
1) 4 ] 
13. |Parietl 
| NO OCCIVItdl 
: 
15. Posterior cerebral vein en ering tne X-canal. 
16. Auditory region short. 
we No ch mdrified lateral commissure. 
/ 
resion 
19. No postotic foramen. 
20. Preorbital wall narrow or Zi! 
Dital process. 
Preorbi il process Or 
present. c) Postorbital process 
the supraorbital crest, if any. 
41 
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Skull of Mustelus laevis. Dorsal ‘ig. 38. Skull of Mustelus laevis. Ventral 
aspect. aspect 


Internasal septum high (Scyllium, Pristiurus) to broad and partly thickened 


(Carcharhinus), according to the position of the nasal capsules. 
No basal communicating canal. 

Nasal capsule posteromesially partly at least membranous, continous with 
the tough, glistening (or chondrified) membrane covering the ecteth 
moid chamber. (Compare 34.) 

| No articular process on the nasal 

capsule. | 

Without any ectethmoid process 

or with only a rudimentary pro 

cess, or else with a well developed 

process (Carcharhinus). ( Fig. 39.) 

Ketethmoid and nasal chambers 

not separate, covered by the mem 

brane mentioned in 31. 

Rostrum always present, rodlike, 

partially at least directed dorsad. 

Paired rostral rods, forming the 

lateral limbs of the 3-limbed 

*rostrum”’, 

No bucealis canal. 

|Ophthalmicus VII and buccalis 


Fig. 39. Skull of Carcharinus mossambicus 
\VIl running outside the rostrum. | Ventral aspect. 


| \ 
/ \ 
} | 
@ 
1 
Ps 
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> 
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No antorbital cartilage. 


| No rostral appendices. | 


{No connection between antorbital cartilage and rostrum. | 


No ethmoid canal. 


Anterior opening of the orbitonasal canal in the ectethmoid chamber 


al 


margin of the nasal fenestra, and communicating through 


margin of the fenestra with the anterior facial 


the posterior 


{ 


Hyomandibula short and strong 
No pseudohyoid], but hyoid rays often with fused bases. 


Hyoid copula narrow. 


strong) orbital process on its inside or 


front reaching the nasal capsules. 


absent. 


present. 
the galeoid sharks |(Carcharoidei, Isuroidei), Caturoidei 


will be tolerably clear from a comparison between them 
alou and Chlamydoselachus 


notidanids in the characters: 


he galeoids 
(29), 40. 47, 19), Si. 
They differ from the squaloids in: 


25. 21. 24, (20), 1290), 3 3 


with Chlamydoselachus in: 


] ‘ 
e 


(20), (29), 20, 31, (24 
They differ from Chlamydoselachus in: 
(29), 32, , 2. a. , 44, (47), (49). 


20), (283) 
The galeoids have the following characters peculiar to themselves 
m to notidanids, squaloids, Chlamydoselachus and Rhina) : 

30 ( 3-limbed rostrum ). 


ive the following Chlamydoselachus-characters which do not 
48. 


galeoids hi 

occur in the notidanids: 2, 3, 4, (5), 8, 19, 23, 30, (34), 42, 
They have the following Chlamydoselachuscharacters not present in the 
squaloids: 2, 3, 4, (5), 8, 17, 30, 31, (34), 42, 1, (49). 


haract sharks are excluded 


‘> 
10. 
Vein. 
re, 
if 
17. Palatoquadrate with a (not ver) 
/ 
at its upper margin. 
19. Prespiracular cartilage small or Hii a 
50. No p ystspiracular cartilage. | ci 
51 Labial age 
The relations of ; 
| 
ind notidanids, sq 
The galeoids agree with (11°), 12, 14 
(22), (20), 26, (29), 31, (40), (47), (49), (51). 
They differ in the characters: 2, 2, 2s. 16, 26, 
21, (22), 23, 24, 25, (29), 30, 33, 34, 35, 30, 39, 42, 43, 44, (46), (47), 48, 
(49), (51). 
(7), (QO), 12, 14, (19), (22), 23, (20); 
25 
33, 34, 35, 39, 42, 43, 46, (49). 
7, 17), 48, (49), 51. 
<4 
(in rela- 
), 13, 426, 
42 
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The galeoids have the following notidanidcharacters not present in Chlamy- 
doselachus: (11) and the following squaloidcharacters not occurring in Chla- 


mydoselachus: 44. 


From the preceding comparisons it appears to follow that the galeoid sharks 
are about as distant from notidanids as from squaloids, but that they are 
more closely akin to Chlamydoselachus, from which they consequently differ 
in fewer characteristics than from the others. This seems to be an uninteresting 
result from the very extensive comparisons summarized above.’ As the 
notidanids and squaloids are unquestionably closely related to each other and 
not so closely to Chlamydoselachus, the galeoids seem to belong to anothet 
branch of the shark family, which comes nearer to Chlamydoselachus than 
to the others, notidanids and squaloids. The conclusion that the galeoid 
sharks are in a separate category is strongly supported by our investigations 
I] 


into the ontogenetical development of the skull in Scyllium as compared with 


that of Squalus (and Etmopterus), which showed the existence of wide dif- 


ferences between the two genera (HOLMGREN, 1940). 


HETERODONTUS AND CHILOSCYLLIDS.? (Fig. 36 B, 40, 41.) 


Heterodontus on the one hand and Chiloscyllium and Stegostoma on the 
other agree in about all important characters and apparently therefore may 
be closely related. Orectolobus shows greater differences especialiy in the 
ethmoidal region and is not included in the enumeration of characters. 

LUTHER (1909) believed that the points of agreement are due to a con- 
vergent development and adduced various reasons for his interpretation. The 


most important of these reasons was the presence of an ethmoid canal and 


of a prefacial commissure in Heterodontus and of a separate foramen of the 


ophthalmicus superficialis VII in Chiloscyllium and Stegostoma. 

In Heterodontus japonicus (62 mm) and Philippi (adult), however, no real 
ethmoidal canal occurs. The canal described by GEGENBAUR in Heterodontus 
as an ethmoidal canal is no such canal, as its posterior opening contains the 
profundus nerve and the anterior opening the ethmoidal branch of the ophthal- 
micus superficialis VII nerve, which pierces the border ridge a short distance 
anterior to the profundus nerve. In the 62-mm specimen it has not yet been 
embedded by the ridge, this ridge not yet being developed so far in front 
(HOLMGREN, 1940). In a specimen of Chiloscyllium the posterior of these 
foramina is present and encloses the profundus nerve. The ethmoidal nerve, 
however, has no foramen (as there is no ridge through which it could pass). 

1 It must be strongly emphasized that the number of characters generally tells very 
little about the relationsships. 


2 I have found it necessary to create a new family for Chiloscyllium and Stegostoma 
and allied genera, reserving the family of Orectolobidae for Orectolobus and allied genera 


+3 
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\s seen in GEGENBAUR’s figure and also in DANIEL’s the hyomandibularis 
VII nerve in Heterodontus issues in the bottom of a distinct depression, in 
he external carotid artery also opens (piercing the otical 

ir depression is found in Chiloscyllium, but there it also con- 


trio 


eminal and abducens foramina but not that of the ophthalmicus 


icialis VII nerve, which has a foramen of its own in the dorsal part 
orbit. No such foramen occurs in Heterodontus. The first difference 


the presence or absence of a prefacial commissure and is 


ids upon 
ntly of no very great importance as we already know that such a com 
be present or missing in closely related genera, as for instance 

Nor is the other difference a decisive factor in the theory 

‘gent development, as at least one case is known in which un- 
closely related genera differ in the same character viz. Hexanchus 
rhynchus (and Heptanchus). In Hexanchus the opthalmicus super- 
VII nerve is enclosed caudally in a canal in the posterior part of the 
it issues through a foramen of its own. In Notorhyncus 

is absent and the ophthalmicus superficialis leaves 

- with the trigeminal. The presence of an ophthalmicus 


ind pre ybabl 


y represents a character of a certain 
as it also occurs in Cladodus. This canal | consider 

remnant from a phylogenetical period when the entire ophthalmicus 
was enclosed in the orbital wall, as was apparently the case in certain 


} 


difference between Heterodontus and tl 


the chilloscyllids are 
rHER, in the nasal capsules and the rostrum. In Chiloscyl- 
not in Orectolobus) the nasal cartilage has a fringed 
dontus the border is said to be even. LUTHER 
» this difference and rightly so, as | may state 
140 mm) the nasal capsule is partly composed 
and in an adult the border is slightly crenelated. 
rostrum in //eterodontus and its presence in the orectolobids 
aintains, no important difference, especially as there is a 
mm specimen (HOLMGREN), and as the rostrum 

. egostoma is somewhat rudimentary. 
Thus t reasons deduced from the skull for regarding Heterodontus and 
chiloscyllids as convergently developed shark types seem to lack adequate 
support. A careful comparison of the cranial structures will show that there 


is strong evidence for considering them to be closely related sharks, of which 


chiloseyllids probably have preserved more primary cranial characters 


On the other hand, Hetcrodontus must also be considered 
se relationsship to the Protoselachii (Hybodontidae, Tristychidac). 


ion of the dorsal fins, their spine and their triangular basal cartilage 


44 
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and other characteristics connect Heterodontus with the Hybodontids. I shall 


however, leave the question of convergency or nonconvergency as yet undecided. 
The characters of the two groups are: 
1. [Notochord entering the skull from behind and partly preserved in thi 
basis cranii. | 
2. Basal surface of the neurocranium broad and flat, bent down between 
the nasal capsules. 
3. No basal angle discernible in the midline. 
4. Palatobasal (process) articulation in the anterior part of the orbit directed 


ventrolaterad (chilloscyllids), or laterad (Heterodontus). 


R 


10. Skull of Chiloscyllium indicun 
Dorsal aspect 


11. Skull of Chiloscyllium indicum 
Lateral aspect. 


5. Palatobasal (process) articulation very strong (Stegostoma) to moderately 
developed (Heterodontus). 

Subocular shelf present, otical part pierced by the external carotid artery. 
Palatine nerve not piercing the basal plate. 

No medial keel on the basal plate. 

One carotid foramen in Heterodontus, two in Chiloscyllium. In a 62-mm 
embryo of Heterodontus two foramina were found near the medial line. 
| Prefrontal fontanella present. | 

No precerebral fossa. 

No frontal or parietal fontanella. 

| Parietal fossa deep. | 

No occipital condyles. 

Posterior cerebral vein entering the X-canal. 

Auditory region short. 

No lateral commissure. 

Articular fossa for the hyomandibula in the anterior half of the auditory 


region. 


op. 
\ MY, ; at \ 
} onv. psb rb.a 7M .TC 
Fig. 40. 
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I 
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I 
I 
15 


NILS HOLMGREN 


foramen. 
wall absent or very little pronounced. 
canal a foramen in the orbital roof. 
-bital process, not separated from b) the supraorbital crest and 


-bital process. 


micus VII nerve with a foramen of its own in the dorsal part of 
‘hiloscyllium, Stegostoma) or issuing with the trigeminal 
the prootic foramen (Heterodontus). The hyomandibularis VII 
foramen in Heterodontus but not in the chiloscyllids, where 
and VII through the prootic foramen. 

mina of the pseudobranchial artery and the pituitary vein], 

uing in the bottom of a trigemino-pituitary fossa. 

‘erebral vein and profundus nerve with separate foramina. 


[Obliquus inferior inserted in 
ugh. 


Nasal capsule posteromesially membranous (nasal fontanella). 


| No articular process on the nasal capsule. | 


No ectethmoid process. 


‘-hamber not separated from the nasal chamber. 


eterodontus, T-shaped in Stegostoma and a flattened 


Imicus VII and buccalis VII running outside the rostrum. 
ital cartilage. 
rostral appendices. | 
connection between 
thmoid 


- 1 nin 4 + 4 
Anterior openins the orbitonasal canal e posterio1 


nasal fontanella. 


Hyomandibula short and strong. 

[No pseudohyoid], but hyoid rays often with fused bases. 

Hyoid copula short. 

Palatoquadrate with the “orbital” process on its inside, about at the middle 
ir behind the middle of the palatoquadrate. 


Palatoquadrate and mandibula reaching over the ethmoidal region in 
Heterodontus, into the posterior part of the ethmoidal region in 


Chiloscyllium and Stegostoma 


Prespiracular cartilage platelike. 


1Q. No post 
20. Preorbit: 
21. Preorbit: 
22. a) Preo1 
23. No articular fossa on the postorbital process. 
24. Ophthal 
the orb 
through 
vithas 
it passe 
25. »epara 
+1 
tne tatte 
26. Anterior 
27. 1e orbit. | 
2Q. | 
20. .NO SUDNaSai TenestTa. 
3 
35. Rostrum absent 1) 
rod in C/iloscyllium 
26. No paired rostral rods. 
No buccalis canal. 
38. [Opl | 
20. No a 
10. | No 
11. [No 
12. No € 
the 
| 
40. 
47. 
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50. |No postspiracular cartilage. | 
51. Labial cartilages present. 

Comparing Heterodontus and chiloséyllids with galeoids, we find the fol- 
lowing common characters: 2, 3, 4, (5), 6, 7, : 

IS, 19,-20, 21, 22,’ 23, (24), 26, 28, 29, 30, 31, : 30), 3 
43, 44, 49, (47), (48), 49, 51. 

Heterodontus and chiloscyllids thus partly differ from the galeoids in: 
(5), (9), (24), (35), (36), (47), (48). 

Of these differences the chiloscyllids account for (35), (36) and (47), and 
Heterodontus for: (5), (9), (24), (35), (36), (47) and (48). 

‘rom these comparisons it is very clear that the chiloscyllids and Hetero- 
dontus are very closely related to the galeoids and that the chiloscyllids are 
to be considered more closely related to them than Heterodontus. 

In addition to other characters, one very striking Heterodontus and chiloscyl- 
lid character, viz., the long and downward-bent ethmoid region (frontal com- 
ponent of the lamina orbitonalis) seems to distinguish these sharks from the 
galeoids, as in the latter the lamina orbito-nasalis (excepting the nasal capsules ) 
plays a smaller part in the formation of the ethmoidal region. In this short 
portion, however, for instance in Mustelus, a groove for the upper margin 
of the palatoquadrate is present in the same manner as in Heterodontus. The 
only difference is that the groove is short in Mustelius and long in Hetero- 
dontus. These grooves could of course, be the result of a convergent devel- 
opment, but in view of the great number of other agrements it seems hardly 
justified to assume a convergence of development 

In the preceding pages we have seen that the galeoid sharks probably have 
somewhat close connections with Rhina and Chlomydoselachus. Heterodontus 
and chiloscyllids must thus belong to a stem of sharks closely related to 
Chlamydoselachus. Their relations with notidanids and squaloid sharks are 


more distant. 


The skull of Orectolobus japonicus. (Fig. 36 C, 42, 43.) 


As already mentioned, Orectolobus deviates from Stegostoma and Chilo- 


scyllium especially in regard to the ethmoid region. 

The skull of Orectolobus has been described and illustrated by HASWELL, 
but some errors and omissions make it necessary to give a list of the charac- 
ters of this genus. 

1. [Notochord entering the skull from behind. | 

2. Basal surface of the neurocranium broad and flat. In front of the 


palatobasal articulation of the palatoquadrate the cartilaginous basal sur- 


1 Variable in galeoids. 
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face ends abruptly and the ethmoid region bends strongly upwards, then 
bending down again to the nasal opening. (The lower side of the ethmoidal 
region chiefly membranous. ) 

No proper basal angle present, but at the frontal end of the cartilaginous 
basal surface an angle is present as in Rina 

Palatobasal articulation in the anterior part of the orbit. 

Palatobasal articulation strong. 

Subocular shelf present; otical part pierced by the external carotid artery. 
Palatine nerve not piercing the basal plate. 

No medial keel on the basal plate. 

Two carotid foramina. 

[Prefrontal fontanella present. 

A precerebral fossa present. 

No frontal or pari ‘tal fontanella. 

{Parietal fossa deep. | 

No occipital condyles. 

Posterior cerebral vein entering the X-canal. 

Auditory region short. 

No lateral commissure. 

\rticular fossa of the hyomandibula along the entire auditory region, 
(but its deepest part is in front 

No postotic foramen. 

Preorbital wall absent. 

Preorbital canal short. 

Preorbital process not separated from the supraorbital crest and the post- 
orbital process. 

No articular fossa on the postorbital process. 


Ophthalmicus superficialis VII nerve with a foramen of its own in the 


dorsal part of the orbit. The hyomandibularis VII together with the V 


and VII nerves in the prootic foramen. No prefacial commissure. 

| Separate foramina for the pseudobranchial artery and the pituitary vein. | 
Anterior cerebral vein and profundus nerve with separate foramina. 
[Obliquus inferior inserted in the orbit. | 

-yve-stalk present, strong. 

Internasal septum (if really present) very broad and thin. 

No basal communication. 

Nasal capsules pedunculated, not delimited from the orbitonasal lamina, 
consisting dorsally of two long, parallel, thin cartilaginous bands joined 


4 
( 


ether longitudinally by membrane. The lateral band widens frontally 


Ig 
and bends round the lateral surface of the nasal sac. The medial band is 


] 


frontally prol a long process, which enters the cirrus of the 


©. 
/ 
S 
Q. 
LO. 
es 
if. 
10. 
17. 
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20. 
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42. Skull of Orectolobus japonicus ‘ig. 43. Skull of Orectololn 
Dorsal aspect Ventral aspect. 


medial nasal valve. On the ventral side the nasa! fontanella extends almost 
throughout the entire ethmoidal region. Thus along the medium part, 
dorsally as well as ventrally the olfactory nerves are covered only with 
membrane. 

[No articular process on the nasal capsule]: 

No ectethmoid process. 

Kctethmoid chamber not separated from the nasal chamber. 

Rostrum consists of a long, thin rod, connected by coarse membrane with 
the broadly separated nasal capsules. 

No paired rostral rods. 

No buccalis canal. 

[Ophthalmicus VII and buccalis VII running outside the rostrum. 

No antorbital cartilage. 

[No rostral appendices. | 

| No connection between antorbital cartilage and rostrum. | 

No ethmoid canal. 

Anterior opening of the orbitonasal canal at the posterior mi 

nasal fontanella. 

Hyomandibula very strong. 

| No pseudohyoid. | 

Hyoid copula broad and band-like. 


A, Z. 1941, 19 
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Palatoquadrate with the orbital process on its inside a little in front of 


its middle part. 
rate and mandibula, caudally strongly diverging, frontally not 
front of the nasal capsules. 


lar cartilage oblong, platelike. 


( h ile scyllids 


the following characters: 
23, 24, 20, 28, 30, 

found in: (2), (3), 
nent show plainly that Orectolobus is closely related 
differences, however, are so considerable that it seems 
two groups into one family. The frontally abruptly 
and the great extension of the membranous 
pedunculated nasal capsules which are 
presence of a long rodlike rostrum, widely dif 
nother. Under such circumstances it 
sharkgroup that could possibly elucidate 
ts. Such a group is Rhinidae, which is an 


ith Chlamydoselachus, as explained earlier. 


and 


following characters: 


25, 29, 30, 


Differences occur in: (2 
These differences need some discussion. 
Except the details of the basal plate, Orectolobus and Khina are 
1 with their abrupt frontal limitation of this plate. In both cases the 
ethmoid region is strongly bent upwards in front of the basal plate, sub- 
sequently bending down again. In hina, however, the orbitonasal plate forms 
the main part of the region, whereas in Orectolobus the pedunculated nasal 
capsules form a corresponding part. In Ahina, as in other sharks, the nasal 
capsules are short and rounded. In spite of their different shape, however, 
the nasal capsules, agree as in both cases they have a dorsal as well as a 
ventral (nasal) fontanella. In the skeleton of the nasal flaps differences occur, 
from the figures 36 a, b, c, but in both cases cirrhi are present, 


as seen I 


50 


P+ 
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1 


though in hina no skeletal rod extends into the big cirrhus. There is also a 
nasal groove. 

g. The presence of the two carotid foramina in Orectolobus, but only one 
in Khina need not imply an important difference as in the squaloids, for 
instance, both conditions occur in closely related genera. 

14. The occipital condyles in Khina, which are exceptional in sharks, are no 
doubt correlated to the ray-like shape of the body, viz., a special adaption. 


The condylar part is very broad in (hina, as is the connection surface between 


the skull and the vertebral column in Orectolobus. In Rhina the foramen 
magnum is directed dorso-caudad and the same is the case in Orectolobus. 
The difference thus seems to be restricted to the development of a special 
occipital articulation in Rhina. 

16. Undoubtedly the hyomandibular articular region of the skull is longer 
in Rhina than in Orectolobus, which in this character is very similar to the 
chiloseyllids. But in Orectolobus as well as in RKhina the deepest part of the 
articular fossa is situated in the frontal part of the auditory region. 

17. The strong lateral commissure in Khina has no counterpart in Orecto- 
lobus and is undoubtedly an important difference. 

22. The postorbital process in Rhina is exceptionally well developed, probably 
in correlation to the development of the flexible part of the orbital process 
of the palatoquadrate, which enters the fenestra enclosed by the postorbital 
process. In Orectolobus this is a normal postorbital process. The supraorbital 
crest in Rhina, as seen from above, is very concave, as it is also in Orectolobus. 


There is moreover, a difference between the preorbital processes in the two 


genera, they being broadly rounded in Rhina and conical in Orectolobus a 


divergense that is probably correlated with the different aspect of the nasal 
capsules. 

24. In the presence of a special foramen for the ophthalmicus superficialis 
VII in the dorsal part of the orbita, Orectolobus agrees with the chiloscyllids 
and galeoids but differs from Ahina, which (like most notidanids, Chlamydo- 
selachus and squaloids ) has no such foramen. 

(26). As the orbital foramen of the profundus nerve is somewhat variable 
in sharks, the fact that this nerve enters the orbito-nasal foramen in Rhina 
but has a separate foramen in Orectolobus does not seem to indicate that this 
difference is of any particular consegence. 

31). See sub (2), (31). 

35. The presence of a rostrum in Orectolobus but not in Rhina constitutes 
an important difference. The rostrum in Orectolobus is a thin, bandlike rod 
of about the same consistency as the nasal capsules, and it seems possible 
that the pedunculated type of nasal capsules may be correlated to the devel- 


opment of the rostral rod, adapted to give a medial support to the widely 
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separated nasal capsules. In all shark and ray embryos a rostral rudiment is 
present, al 


ind this rudiment may have developed in Orectolobus but not in Rhina. 
The broad and band-like hyoid copula in Orectolobus and the 


na are undoubtedly differentiating characters. But there is the same 


narrow 


concernins 
lium. TI 


S the copula between the closely allied Orectolobus and 


verefor this difference between Orectolobus and Rhina may 
f great consequence. 


ring the many points of agreement, it seems necessary to assume 

close relationship between Orectolobus and Khina. The differences we 
discussed, ar at, however, that it is not possible to combine these 
On the other hand, these differences are more 


) genera may possibly have developed from common 


hay 


been related to Chlamydoselachus 


RAT S. 


characters those com 


common 


preserved in the skull. | 
of the neurocranium broad and flat 


its anterior portion 


nerve not the basal plate. | 
medial keel on the basal plate. | 

‘arotid foramen (or two closely togethe1 
[Prefrontal fontanella present. | 
Precerebral fossa present, (in /hynchol continued frontal 
form of a tube). 

A parietal fontanella present in Rhino-, Rhyncho- and Discobatus but not 
In Raja batis a fronto-parietal fontanella 


always in 
ietal fossa shallow. | 


is present. 


Occipital condyles present. | 


10. 
ne in it 
distinctio1 
U/l SCY 
not be ¢ 
( )] 
alrly 
rener 
gen 
1 ] 1 1 + 4) 
ess gradual, so that th 
incestors, which may 
+1 1] ] 4 4 ] 
In the following lists of Hi 7 77'7''7'MByon to a// rays are enclosed 
within brackets. 
alidae (T1g. 44 10), Discobatidae (fig. 47) and ajidae (T1g. 15 ) 
The most mM Tlant Characters tO «these families are 
1. | Notochord not 
not Dent down. | 
2. [No basal angle. | 
1. palatobasal articulation. | 
T 
s. [No PpalatoDasal process. 
1 1 1° 
6. |No subocular shelf. | 
O. 
IO. 
13. 
—_ 
1 In advanced embryonic stages of Raja clavata 
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44. Skull of Rhinobatus schle ‘ig. 45. Skull of Rhinobatus schlegelu 
Ventral aspect. 


gelu. Dorsal aspect. 


rostr ap va 


46. Skull of Rhinobatus schlegelu. Lateral aspect. 


Posterior cerebral vein entering the vagus canal. 

[Auditory region long. | 

Lateral commissure present in Khinobatus, but not in Rajidae and Disco- 
batus. 

Two articular fossae for the hyonmandibula present on a ”’Rochenvor- 
sprung” in the posterior part of the auditory region. 

A cartilaginous bridge present joining the posterior corner of the basal 
plate with the auditory capsule dorsal to the glossopharyngeus nerve and 
the jugular vein. 

Preorbital wall broad. 

Preorbital canal short, in Raja in communication with the nasal capsular 


cavity, in Discobatus and Rhinobatus separated from the capsule. The 
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profundus nerve enclosed in the preorbital canal together with the oph- 
thalmicus superficialis VII. 

Preorbital process fused on to the nasal capsule, forming the external 
wall of the preorbital canal. Supraorbital crest and postorbital process 
forming a single unit. Supraorbital crest of different strength. 


[No articular fossa on the postorbital process. | 


Dorsal aspect 


VII nerves pass through a common foramen. The hyomandibularis 
has a separate foramen behind a strong prefacial commissure. 
arate foramina for the pseudobranchial artery and the pituitary vein. 
| Anterior cerebral vein with a foramen of its own.] 
Obliquus inferior inserted on the membranous border of the basal plate 
(Raja) or in the ventral part of the orbit (Rhinobatus). 


[Eve stalk present. | 


|Internasal septum a broad a 

[| No basal communication. | 

Nasal capsule ( postero ) mesially at least partly membranous (nasal fon- 
tanella). 

With a posterolateral or lateral (Discobatus) articular process or articular 
surface on the nasal capsule for the antorbital cartilage. 

| No ectethmoid pre cess. | 

[No ectethmoid chamber. | 


Rostrum present, conical or cylindrical, strong, (with precerebral fossa). 


36. |No paired rostral rods. | 


37. No buccalis canal. 
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38. Ophthalmicus VII and buccalis 
VII at the anterior end of the 
rostrum separated by a horizon- are 
tal cartilage lamina (rostral ap- 
pendix) (Raja, Rhinobatus). 
| Antorbital cartilage present.| It 
is directed caudad or caudo 
laterad. 
Rostral appendices present. In 
Raja they are oblong plates on 
both sides of the frontal part 
of the rostrum. In Rhino- and 
Rhynchobatus they are thin la- - 
mellae along the sides of the 
tip of the rostrum, by a row of Fig. 48. Rostral part of the head of Raja 
perforations separated from it ian 
in Rhinobatus, in Discobatus they are long cartilaginous rods issuing from 
about the middle of the rostrum. 
Antorbital cartilage, rostral appendix and rostrum connected by a strong 
ligament (In Raja a cartilaginous nodule is found in the ligament). 
Ethmoid nerve passing inside the nasal capsule in Raja’, and Discobatus, 
embedded in the wall of the capsule in Xhinobatus. 
Anterior opening of the orbitonasal canal at the posterior margin of the 
nasal capsule. 
Hyomandibula somewhat short and strong. 
| Pseudohyoid present. | 
Hyoid copula bandlike. 
| Palatoquadrate without orbital process. | 
| Palatoquadrate and mandibula not located far back. | 
|Prespiracular cartilage platelike. | 
No postspiracular cartilage. 
No labial cartilages in Raja, but rudiments present in rhinobatids and 


Discobatus. 
Pristidae. ( Fig. 49.) 


The essential characters are: 
1. |Notochord not preserved in the skull. | 
2, [Basal surface broad and flat, its anterior portion not bent down. | 


3. |No basal angle. | 
4. |No_ palatobasal articulation. | 


5. [No palatobasal process. | 


1 In Raja clavata the nerve leaves the nasal capsule near its ‘ventrolateral edge. 
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| No subocular shelf. | 
[Palatine nerve not piercing the basal plate. | 
[No medial keel on the basal plate. | 
One carotid foramen. 
fontanella present. | 
Precerebral fossa closed to form a tube. 
No frontal or parietal fontanellae. 


Parietal fossa. shallow. | 


14. [Occipital condyles present], lateral to the 


foramen magnum. 
Posterior cerebral vein entering the vagus 
canal. 
| Auditory region long. | 
lateral commissure present. 
Two articular fossae on a Rochenvorsprung” 
in the posterior part of the auditory region. 
A cartilaginous bridge present, connecting the 
posterior corner of the basal plate with the 
auditory capsule dorsal to the IX nerve. 
Preorbital wall well developed. 
Preorbital canal not communicating with the 
nasal capsule, frontally continued by a lateral 
rostral canal, enclosing the ophthalmicus VII 
wai nine and also the buccalis VII nerves. 
22. Preorbital process fused on to the nasal capsule; supraorbital crest and 
bital process present. 
articular fossa on the postorbital process. | 
and VII nerves pass through a common foramen. The hyomandibularis 


VII has a separate foramen. Prefacial commissure present. 
Separate foramina for the pseudobranchial artery and the pituitary vein. 
‘ior cerebral vein with a foramen of its own. | 
inferior inserting 
| e-stalk present. | 
[Internasal septum in 


1 


[| No subnasal fenestra. | 
Nasal capsule posteromesially membranous. 

A p ystero-lateral articular process on the nasal capsule. 
[No ectethmoid process. | 

| No ectethmoid chamber. | 

Rostrum developed like a saw. No rostral appendic present. 


| No paired rostral rods. | 


A buccalis canal present ventral to the nasal capsule. 
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Ophthalmicus VII and buccalis VII run in a common wide lateral canal 
through the rostrum. 

| Antorbital cartilage present. | 

No rostral appendices. 

Antorbital cartilage through a ligament connected with the posterior end 
of the rostrum. A cartilaginous nodule present in this ligament. 

A short ethmoidal canal opening on the dorsal or lateral surface of the 
nasal capsule. 

Anterior opening of the orbitonasal canal at the posterior margin of the 
nasal capsule. 

Hyomandibula rather short and strong. 

| Pseudohyoid present. | 

Hyoid copula bandlike. 

| Palatoquadrate without orbital process. | 

| Palatoquadrate and mandibula located far back. | 

|Prespiracular cartilage present (GEGENBAUR).| 

No postspiracular cartilage. 

No labial cartilages. 

Tor pedidae (Fig. 

“ssential characters are: 


| Notochord not preserved in the skull. | 


[Basal surface broad and flat], frontally bent down slightly (Torpedo) 


or considerably (Narke, Narcine, fig. 52). 
3. | No basal angle. | 


—> 
= s—rostr.ap 


. Skull of Narcine capensis. Ventral aspect. (From HENLE [1834].) 


. Skull of Narcine capensis. Lateral aspect. (From HENLE [1834].) 
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| No palatobasal articulation. | 
| No palatobasal process. | 
| No subocular shelf. | 


Palatine nerve not piercing the basal plate. | 


| 
| 


No medial keel on the basal plate. | 

1e carotid foramen (Torpedo) or two (Narke capensis). 

Prefrontal fontanella present. | 

A precerebral fossa present. 

A fronto-parietal fontanella present in Narke (fig. 53, 54) and Narcine 
(fig. 50) but not in Torpedo and Hypnarce (HASWELL) (fig. 55). 

| Parietal fossa shallow.| In Torpedo and Narcine there are two fossae. 
[Occipital condyles present. | 

Posterior cerebral vein with a separate foramen in Torpedo at the upper 
border of the X-canal, in Narke the foramen is separated from the X-canal 
by a ligament. 
{Auditory region long. | 

No lateral commissure 

Two articular fossae for the hyomandibula. In Narke capensis the hyo- 
mandibula reaches the basis cranii, where there is a rather large articular 
swelling for the anterior part of the hyomandibula. 

No bridge between the "Rochenvorsprung” and the auditory capsule. 
Preorbital wall absent (or very little pronounced). 

Preorbital canal absent in Torpedo, present but incomplete in Narke 
capensis 

Preorbital process present (Torpedo), its tip connected by a ligament 
with the cranial roof to form an incomplete preorbital canal (Narke) 
(fig. 53). Supraorbital crest scarcely more than suggested. Postorbital 
process insignificant. 

| No articular fossa on the postorbital process. | 

V and VII nerves through a common foramen. The hyomandibularis VII 
has a separate foramen, behind the prefacial commissure. 

Generally separate foramina for the pseudobranchial artery and the pitui- 
tary vein; in Torpedo sometimes a common foramen. 

| Anterior cerebral vein with a foramen of its own. | 

Obliquus inferior inserted rather low in the orbit (7orpedo). 

[ Ey e stalk present. | 

| Internasal septum a broad plate. | 

| No subnasal fenestra. | 

Nasal capsule postero-mesially membranous. 

A strong fronto-laterally directed articular process on the nasal capsule. 
| No ectethmoid process. | 


[No ectethmoid chamber. | 
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Fig. 53. Skull of Narke capensis Fig. 54. Skull of Narke ja 
Dorsal aspect. Dorsal aspect 


No rostrum in Torpedo. In Narke a slender, frontally bilobed, rostral rod 
(fig. 53, 54). In Narcine the rostrum is said to be troughlike, frontally 
bilobed (fig. 50, 51, 52). In Hypnarce the rostrum is illustrated as a 
branched tree (HASWELL) (fig. 55). 

| No paired rostral rods. | 

No buccalis canal. 

Ophthalmicus VII and buccalis VII run separated. 

|Antorbital cartilage present.| It is directed frontad. In Torpedo and 
Hypnarce (fig. 55) it is placed 

frontally on the nasal capsule, 

in Narke caudally (fig. 53, 54). 

In Torpedo the apical part is a 

broad fenestrated cartilaginous 

lamella, in Narke a_ branched 

tree. 

Rostral appendices in Torpedo 

are fused on to the nasal cap- 

sules. They are strong cartilagi- 

nous rods with tips broadening 

into a fenestrated lamella; in ‘ig. 55. Skull of Hypnarce subnigrum. Dorsal 
Narke japonica (fig. 54) they 

are frontally branched rods inserted on the nasal capsule, and in Narke 
capensis (fig. 53) simple longitudinal threadlike cartilages detached from 
the nasal capsule. 

Antorbital cartilage through ligament connected with the rostral appendix 


and the rostrum (if present). 
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“thmoidal canal absent. 


\nterior opening of the orbitonasal canal at the posteromesial border of 


the nasal capsule. 

Hyomandibula short and strong, in Torpedo with hooklike process. 
Pseudohyoid present. | 

». No hy id copula. 


lab.c 


~ ) 
| I 


alatoquadrate without orbital process. | 
48. |Palatoquadrate and mandibula not far 


back], in Torpedo and Hypnarce (fig. 55) 


long and slender, in Narke (fig. 56) and 


Varcine (fig. 51) short and very strong. 
| Prespiracular cartilage present] lamelli- 
form, in Torpedo through a chain of small 
cartilages joined with the hyomandibula, in 
Varke not. 


wpedo a postspirakular cartilage forms the hooklike process of the 


1 


indibula. In Narke no such cartilage seems to occur. 


“4 


labial cartilages in Torpedo, three well developed in Narke (fig. 56) 


tions on the Torpedidae 


the characters of the torpedids it is obvious that 

rays include fairly widely separated genera, only in respect of four of 
however, do we know anything about the structure of their skulls viz. 
Varke, Torpedo, (Narcacion) and Hypnarce. The most striking dif- 

yf these genera are accumulated in the rostral apparatus. In all four 

tal fontanella is present. This fontanella is delimited posteriorly 

in Narcine and Narke, which possess a 

In Torpedo and Hypnarce, in which there is no 

the cranial roof forms the posterior border 

the four genera a precerebral fossa is present in front 

ranous wall of the cranial cavity and continuing the 

a frontal direction. In Narcine, according to HENLE’s 

precerebral fossa continues frontally along the dorsal 

a very broad and long frontally bilobed rostrum. In Narke the 
membranous lateral borders of the fossa join together on a level with the 
anterior border of the nasal capsules, and from this point issues a rodshaped, 
frontally bilobed (capensis) or T-shaped (japonica) slender rostrum. (GAR- 
MAN’S f1 f the ll in N. japonica is erroneous). In Hypnarce, according 
to the fig f .L, the rostrum is a stout, frontally tri-lobed rod, the 


lobes being fringed frontally (7). In Torpedo there is no rostrum at all. 
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The disappearance of the rostrum in Torpedo may possibly be due to the 
very strong development of the rostral appendices : independently developed 
rods, which join the nasal capsule and the frontal end of the borders of the 
precerebral fossa. These strong rods broaden frontally into a transverse lamella, 
which fills in the gap between the medial line and the medial (morphologically 
lateral) portion of the frontally directed antorbital cartilage. In Hypnarce the 
rostral appendices are strong, frontally fringed rods, which seem to be con 
nected with the medial part of the nasal capsules or with the basal part of 
the rostrum (according to HASWELL’s figure). In Torpedo the medial portion 
of the antorbital cartilage is but slightly extended mediad. In Narcine and 
Narke the medial branch of the antorbital cartilage is fairly strong, especially in 
Varke. In Narcine the gap between the antorbital cartilage and the rostrum 
is filled up with two free cartilages, a large medial one, representing the 
rostral appendix, and a lateral smaller one perhaps corresponding to the small 
cartilage nucleus that is found in the ligament which joins the rostral appendix 
in Raja and Pristis (HOFFMANN) with the antorbital cartilage. The rostral 
appendix in Narcine has a frontal transversal, and a caudal rodlike portion. 
In Narke japonica, where the medial branch of the antorbital cartilage is 
developed much as in Torpedo, the gap between it and the rudimentary rostrum 
is filled up with the almost thredlike, frontally somewhat branched, rostral 
appendix. Finally, in Narke capensis the medial branch of the antorbital 
cartilage is very strongly developed (about as much as the lateral) and the 
rostral appendix is represented by an independent cartilaginous threadlike, un 
branched rod. All the rostral structures in the Torpedidae are bound together 
by a strong, tough, fenestrated connective tissue. 

The broad rostrum in Narcine may be considered to account for the nasal 
capsules’ being separated from each other in this genus, whereas in Narke 
and Torpedo, in which the rostrum is reduced or else absent altogether, the 
nasal capsules meet in the ventral mid-line, but without fusing. 

In Torpedo the strongly’ chondrified basal portion of the olfactory capsules 
are extended fronto-laterad, carrying on their frontolateral ends the antorbitals, 
which are thus essentially directed laterad. In Narcine the nasal capsules do 
not extend so far as in Torpedo, and the antorbitals are directed fronto- 
laterad. In Narke the nasal capsules lie close to the sides of the precerebral 
fossa and the antorbitals articulate against their postero-lateral sides and have 
almost a frontal direction. 

In Narcine HENLE demonstrated the existence of two very peculiar cartt 
lages lying close to the basal plate to judge from HENLE’s figure (fig. 51, 7), 


probably behind the carotid foramen and near the anterior upper corner of 


the hyomandibula. In selachians there is no cartilage present which could 


answer to this so called "palatine cartilage’ of HENLE. In Narke capensis 


this cartilage might possibly be represented by a rather large rounded tubercle 
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plate a good distance behind the carotid foramina. This tubercle 
to the selachian organization, serves as the articular head 
the upper border of the hyomandibula and is very 


nnected with it. In Torpedo nothing could be found to correspond 
is tubercle or to the ’’palatine cartilage’. 
‘me and Narke labial cartilages occur as in sharks (fig. 56). They 
developed than in Rhino- and Discobatids. In the two former 
ie short and strong jaws, in the two latter at 
orpedo and Hypnarce no labial cartilages are 
rather long and slender jaws. 
between Narcine and Narke on the one hand, 
> on the other, lies in the development of the spira 
in the hyomandibula. I Torpedo and Hypnarce prespira- 


iracular cartilages are present, the latter forming the 


he anterior border of the broad triangular hyomandibula. 


the postspiracular cartilages are absent and consequently 
strong and more cylindrical hyomandibula. 

lo joins the prespiracular cartilage 

absent in Narcine and Narke. In these 

‘reminiscent of other rays than of Torpedo 

‘d conditions. The same apparently applies 

ital condyles, which in Torpedo are placed at the 


and Narke 


Vasybatidae (tig. 57). and Ad ylhobatidae. 


these families are: 
] 
in the skull. | 


its anterior portion bent downwards at 


palatobasal articulation. 
[No palatobasal process. | 
subocular shelf. | 
atine nerve not piercing the basal plate] except in Dasybatus 
| No medial keel on the basal plate. | 
Two carotid foramina. 
| Prefrontal fontanella present. | 
No precerebral fossa. 
A long, fronto-parietal fontanella present. (piphysial bridge rudimentary 


or lacking. ) 


7 
on the basal 
yvhnicn is unt. 
of the anter1 
strongly co 
1 1 
either to tn 
in Varc 
re much 1 
tnev he on 
nele ( 
\ ery 
Cular appar 
n .Varcu ind 
NOOKITKE process O¢ = 
Phe chain of small cart 
with th 1, 
\ n 1VO 
ises the two latter gen 
1d nO epresen 
to the position of the 
end of a prolonged part of the occipital region, while 
the ondvles are in the san positior Sit ther raves 
CONCY n ame po ON a omer rays. 
The essential characters 
1. |Notochord not presery 
I 
a angie. 
No. basal angle. | 
S 
Q. 
1O. 
12 
62 


STUDIES ON THE HEAD IN FISHES 


13. | Parietal fossa shallow. | 

14. |Occipital condyles present] ventral ly to the foramen magnum. 
Posterior cerebral vein entering the X-canal. 

| Auditory region long. | 

Lateral commissure present. 

Two articular fossae on a ’’Rochenvorsprung” in the posterior part of the 

auditory region. 

No bridge between the ”Rochenvorsprung”’ and the auditory region. 

Preorbital wall absent. 

Preorbital canal present. 

Preorbital process joined to the nasal 

capsule, with a caudolateral process. 

| No articular fossa on the postorbital 

process. 

V and VII nerves pass through a com 

mon foramen; the hyomandibularis V 11 

with a foramen of its own. Prefacial 

commissure present. 

Separate foramina of the pseudobran- Fig. 57. Skull of Dasybatus violacea. 

chial artery and the pituitary vein. 

{Anterior cerebral vein with a foramen of its own. | 

Obliquus inferior inserted into the orbit. 

[Eye stalk usually present. | 

|Internasal septum in the shape of a broad plate. | 

| No subnasal fenestra. | 

Nasal capsule posteromesially membranous. 

A small articular process placed caudo-laterally on the nasal capsule. 

| No ectethmoid process. | 

| No ectethmoid chamber. | 

No rostrum. A very rudimentary rostrum in Urolophus. 

| No paired rostral rods. | 

No buccalis canal. 

Ophthalmicus superficialis and buccalis VII frontally running separate. 

| Antorbital cartilage present. | 

No rostral appendices. 

Antorbital cartilage not connected with any rostrum or rostral appendix. 


Ethmoid canal absent. 


{Anterior opening of the orbitonasal canal at the posterior margin of the 


nasal capsule. | 
Hyomandibula short and strong to long and rather weak (Potamotrygon). 
. [Pseudohyoid present. | 


Hyoid copula bandlike. 
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| Palatoquadrate without orbital process. | 
|Palatoquadrate and mandibula not far back. | 
|Prespiracular cartilage present], platelike. 
Generally no postspiracular cartilage, but in Potamotrygon and Disceus 


is one (GARMAN). In Urolophus a ’’superspiracular” (GARMAN) 


COMPARISON BETWEEN THE DIFFERENT RAYFAMILIES 
UNDER INVESTIGATION 


and especially the Ahinobatidae shows that 

‘ about the same. Differences are found only in the 

, 35, 37, 38, 40, (41), (42), and (51). Of these, 11 

‘e characters belonging to the peculiar saw in Pristis. They 

therefore be regarded as Very specialized characters. The tubelike pro 
longation of the precerebral fossa (11) in AKhynchobatis may be compared 


ith the |] 


long precerebral tube in the medial part of the saw in Pristida 
tral appendices (35, 40) are not present in Pristis, but the ligament that 
rbital cartilage with the rostrum and contains the rostral appendix 

is represented in Pristis by a stout ligament. 37 and 38 are 


pre ybably speci il characters correlated to the dey elopment of the saw. They nave 


no counterparts in the other rays. Finally, the absence of labial cartilages in 
Pristis is a character more or less common to rays. The Rhino- and Disco- 
hatidae, however, have rudimentary labial cartilages, whereas Raja has no 

There remain then, the characters 12 and 27. The absence ot 


in Pristis seems to be a distinction of no great 


consequence as its non-existense is probably due to a complete closing of the 


space between the tectum synoticum and the tectum orbitale in the embryo, 
whereas this closure is generally incomplete in rays. The closing of this fonta- 
nella may be considered a consequence of the development of the saw, whicl 
needed a strong cranial support. 

This comparison seems to show that the Pristidae are very closely related 
to the Rhinobatidae and thus also to Rajidae and Discobatidac. Through its 
short, boatlike rostrum and rodlike rostral appendices the Discobatidae seen 


distantly related to the Pristidae than the Rajidae are. 


is only partial 
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Torpedidae compared with Rhinobatidae, Discobatidae 
and Rajidae, 


From the enumeration of the characters of Torpedidae it is seen that a very 


great difference occurs between Torpedo and Narke. Many of the important 
characters which separate Narke from Torpedo are present, especially in 
Discobatidae, others in Rhinobatidae and Rajidae. The comparison will there- 
fore be made between Narke (and Narcine) and these other groups of rays. 

Points of agreement are found between Narke (and Narcine) and rhino-, 
discobatids and rajids in the following characters, which are not common to 
all rays: (9), 11, (12), (15), (17), (18), 24, 25, (2 31, (32), 

(39), (40), 41, 44, 49, 50, 51.’ 

Complete differences are thus found only in: 19, 20, 21, 22, 42, 46. 

This very small number of complete differences undoubtedly indicates a 
near relationship between the 4 groups of rays, but it must not be forgotten 
that the partial agreements also contain disagreements, which may be very 
important for the comparison. We shall therefor consider each of these partials 
separately. 

9g. Narke japonica and Torpedo, like all Rhino- and Discobatids and Rayjids, 
have but one carotid foramen, Narke capensis has two. In Raja, however, the 
embryos have two (closely together). 

12. A frontoparietal fontanella is present in Narke and Narcine (but not 
in Torpedo). In Raja this fontanella is present; in Rhino- and Rhynchobatids 
only a parietal fontanella occurs. 

15. In Torpedo the posterior cerebral vein has a separate foramen on the 
upper border of the X-canal. In Narke the vein passes through a notch at the 
corresponding place, in the Rhino- and Discobatids and Rajids the vein goes 
through the X-canal. The difference thus seems to be of little importance. 

17. In the Torpedids no lateral commissure is present. The same is the case 
in Discobatids and Rajids but not in Rhinobatids. As a mesenchymatic commis- 
sure is present in the embryos of Torpedo, this difference cannot be said to 
be very important. 

27. The obliquus inferior muscle of the eye in Torpedidae is inserted into 
the orbit, as in Rhinobatids and Discobatids; in Kaja it is inserted into a 
subocular ligamentous lamella continous with the basal plate. 

31. The position of the articular processes on the nasal capsule for the 
antorbital cartilage in rays is variable, but in Torpedids the process is devel- 
oped on the lateral or frontolateral side of the nasal capsule. In Rhinobatids 


and Discobatus the position is lateral, in Rajids posterolateral. 
1 The characters within brackets are only partial agreements. 
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35. The rostral conditions in Narcine mostly resemble those in Discobatus, 


in which the deep precerebral fossa extends to the tip of the rostrum, but 


there are also diff 
Rhinobatids and Rajids shows greater differences. Fenestrae on the sides of 


erences, inter alia, in the form of the fossa. The rostrum of 


the rostrum as in Narcine are only found in Acanthidium (squaloid shark!) 

39. The antorbital cartilage is present in all rays, but its form is variabie. 
That of Torpedidae differs from all other antorbital cartilages in its frontal 
or frontolateral direction and the complex structure of its anterior margin. 
The fenestration of its apical part in Torpedo, however, seems to be somewhat 
foreshadowed by the fenestrations of the antorbital cartilage in Discobatus. 

40. The rostral appendices, in Narke capensis represented by independent, 
slender, cartilaginous rods, are reminiscent of similar rods in Discobatus, 
which, however, are caudally joined on to the sides of the rostrum (lateral wall 
of the precerebral fossa). No such rodlike appendices seem to occur in 
other rays. 

44. The hyomandibula of Narke and Narcine resembles that of all other 
rays as it lacks the hooklike process of Torpedo. 

49, 50. The prespiracular cartilage in Torpedidae is, as in the other rays, 
a chondrified lamella. A postspiracular cartilage only is present in Torpedo. 

51. Narke and Narcine share the presence of labial cartilages with hino- 


and Discobatids but not with Rayids. 


From this survey of the only partially differing characters together with 
the characters possessed in common it seems fairly clear that the Torpedidae 
must be closely related especially to the Discobatids. This conclusion is ap- 
parently not quite new. GARMAN (1913) says of Discobatus: ’’The rostral 
cartilage ends abruptly a short distance in front of the skull and is supple- 
mented by soft, flexible, branched extensions somewhat like those of Narcine. 
The antorbital has greatly extended forward and outward.” Unfortunately 
the "branched extensions” do not belong to the skeleton, but to the connective 
tissue of the snout. Moreover, the antorbitals are not ’’greatly extended for- 


ward’, but end just in front of the nasal capsules. 


Dasybatidae (and Myliobatidae) compared with Torpedidae. 


The Dasybatidae differ from the Torpedidae in the following characters: 
(2), (9), 11, (12), (15), 17, (18), (21), (22), 32, (35), 40, 41, (44), 
(49), (50). 

Complete differences are thus found only in characters 11, 17, 32, 40 and 
41. Of the completely divergent characters nos 11 and 40 are exclusively 
dasybatid (and myliobatid) characters. No. 17 is present in Rhinobatidae, 32 


is common to Fajidae, and 41 is a dasybatid character. 
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The partially differentiating characters will now be considered: 

2. The anterior portion of the basal plate in Dasybatidae and Myliobatidae 
bends downwards at about a right angle. There is no such strong bend in 
Torpedidae, but in Narke and Narcine a corresponding but less developed 
bend is present. 

9g. The two carotid foramina which are characteristic of Dasybatidae occur 
also in Narke capensis, but not in Torpedo and Narke japonica. 

12. The frontoparietal fontanella of Dasybatidae corresponds to a similar 
fontanella in Narke and Narcine (and in Rajidae). In Dasybatidae this fonta- 
nella is, sometimes at least, delimited from the prefrontal fontanella by two 
small epiphysial cartilages, whereas in the Torpedidae a complete epiphysial 
bridge occurs. 

15. The posterior cerebral vein in Narke enters the X-canal as in Dasyba- 
tidae. (In Torpedo it has a foramen of its own.) 

18. In Torpedidae the two articular fossae for the hyomandibula are fused 
into one (or extended longer in front, Narke). In Dasybatids the fossae are, 
sometimes (7) at least incompletely separated. 

21, 22. The preorbital process in Dasybatids encloses a preorbital canal. 
On this process a fingerlike appendix is sometimes (Urolophus) present. In 
Torpedidae generally no preorbital canal is formed, but in Narke capensis 
(but not in N. japonica) there occurs a fingerlike appendix (present also in 
Torpedo and probably also in Narcine), from the tip of which issues a fascia, 
which connects with the dorsal part of the skull. In this secondary preorbital 
canal the ophthalmicus superficialis VII nerve is enclosed. 

35. The Dasybatids and Myliobatids share the absence of a rostrum with 
Torpedo alone among the rays considered here. (In sharks, Heterodontus and 
Rhina alone seem to lack a rostrum. ) 

44. In the Dasybatids the length and strength of the hyomandibula varies 
a good deal. Dasybatus, like Narcine and Narke, has a short and strong hyo- 
mandibula, Potamotrygon has a long and rather slender hyomandibula, as in 
T or pedo. 

49. The Dasybatids have only one large lamelliform prespiracular cartilage 
as in the Torpedidae. Postspiracular cartilages are absent, as in Narcine and 


Narke but not in Torpedo. In Dasybatus violaceus, however, a small, oblong 


cartilage lying in the caudolateral wall of the spiracular canal may possibly 


represent a postspiracular cartilage. 


From these comparisons the conclusion seems well founded that the Dasy- 
batids and their near relatives, the Myliobatids, are closely connected with 


the Torpedids. 
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THE SYSTEMATIC POSITION OF PRISTIOPHORUS 
JAPONICUS. (Fig. 58, 59.) 


In the preceding pages the relations between the different shark groups 
and those of the different ray groups have been considered separately, but 
no attempt has been made to connect the sharks and rays with one another. 
Pristiophorus might be regarded as a possible connecting link, as HOFFMANN 
has suggested. JAEKEL’s (1891) investigations into Pristiophorus tended, 
however, to connect this genus with the squaloid sharks, and REGAN (1906), 
GARMAN (1913) and IsELSTOGER (1941) also placed it with such sharks, 
whereas HOFFMANN (1913) after a careful study, found it very probable that 


Pristiophorus is more closely related to the rays than to the sharks. 


Essential characters in Pristiophorus japonicus are: 

1. Notochord seems to enter the skull, but this is not quite definitively stated.’ 
Basal surface broad and flat, not bent down frontally. 
A weak medial basal angle is present. 
A strong palatobasal articulation. 
A strong palatobasal process, divided by a deep articular fossa into two 
parts. 
A subocular shelf or crest present in front of the palatobasal process. 
Palatine nerve outside the neurocranium. 
A not very pronounced medial keel on the basal plate is present. 
One carotid foramen. 
Prefrontal fontanella present. 
Precerebral fossa frontally tubelike (in the saw). 
No frontal or parietal fontanella. 
Parietal fossa deep. 
Occipital condyles present, (lateral to the foramen magnum). 
Posterior cerebral vein in the X-canal. 
Auditory region long. 
Lateral commissure present. 
Two articular fossae for the hyomandibula on a ’’Rochenvorsprung’’( 7) in 


the posterior part of the auditory region. (Besides, a ’Haienfortsatz”’ is 


available ecimen a line 1 by transparency issuing from the 


notochord and continuing to a point near the . This line probably represents the 
notochord iclosed in the basal plate 
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No bridge between the ”Rochenvorsprung” and the posterior part of the 

auditory capsule. 

Preorbital wall well developed. 

Preorbital canal not separated from the nasal capsule. 

Preorbital part of the supraorbital crest connected with the nasal capsule, 

forming the external wall of the preorbital canal, which is open to the 

nasal capsule. 


No articular fossa on the postorbital process. 


Fig. 58. Skull of Pristiophorus japo- Fig. 59. Skull of Pristiophorus japonicus. 
nicus. Dorsal aspect. Ventral aspect. as.p, antorbital ’cartilage” 

V and VII nerves through a common foramen; the hyomandibularis VII 

with a foramen of its own. Prefacial commissure thus present. 

Separate foramina for the pseudobranchial artery and the pituitary vein. 

No special foramen for the anterior cerebral vein. The profundus nerve 

in the preorbital canal. 


Obliquus inferior inserted partly into the border of the basal plate, partly 
into the orbit. 


Kye stalk (present) immediately in front of the prootic foramen. 
Internasal septum a broad plate. 

A very small subnasal fenestra (’’basal Kommunication” of GEGENBAUR). 
Nasal capsule posteromesially membranous. 

No articular process on the nasal capsule. 

A small ectethmoid process present. 


A space probably representing an ectethmoid chamber present. 
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Rostrum developed as a saw. The teeth are supported by a cartilaginous 
lamella extending along the lateral side of the rostrum. 

No paired rostral rods. 

No buccalis canal, the buccalis nerve going in a grove ventrally to the 
nasal capsule. This groove is ventrally covered with tough connective 
tissue. 

Ophthalmicus VII and buccalis VII run along each side (dorsal and 
ventral) of a lateral lamella on either side of the rostrum. 

Antorbital cartilage represented by a dense connective tissue process con- 
nected with the posterior part of the nasal capsule and extending beyond 
the capsule to join the border of the rostrum. 

No rostral appendices. 

See 39. 

Ethmoidal canal absent. Ethmoidal nerve enclosed in the nasal capsule. 
Anterior opening of the orbitonasal canal in the posteromesial part of the 
nasal capsule in the ectethmoid space. 

Hyomandibula short and strong. 

No pseudohyoid. 

Hyoid copula slender, bandlike. 

Palatoquadrate with an orbital process, (formed as an articular head). 
Palatoquadrate and mandibula moderately developed (transverse). 
Prespiracular cartilage a broad and thin lamella. 

No postspiracular cartilage. 


No labial cartilages. 


Of the Pristiophorus characters the following are common to all rays: 
14, 16, (15), 23, 24, 25, 29, 31, 30, 43. 
Pristiophorus characters common to at least some rays are: 
(40), 42, 43, 46, 48, 


Pristiophorus characters common to 


50. 
Pristiophorus characters common to at least some sharks: 


(14), 15, 16, 17, 19, 20, 23, 24, 25, (267), 28, 29, 30, 


42, 43, 44, 45, 47, 48, 


A comparison between A and C shows that Pristiophorus has about as many 
characters common to all rays (12) as characters common to all sharks (10). 
While noting this, however, it must be borne in mind that the number of 
characters common to all rays is 26 (out of 51), whereas the number of charac- 
ters common to all sharks is but 12 (out of 51), the sharks being a much 


more variable group than the rays. Therefore many characters which are 
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typical common ray characters occur in sharks as variable characters and 
vice versa. Actually there is only one character common to all rays and also 
common to all sharks viz. the presence of a prefrontal fontanella (no. 10). 
Under such circumstances there are obviously considerably difficulties in the 
way of determining the position of Pristiophorus in relation to rays and sharks. 
It seems impossible to determine objectively to which of the variable characters 
to ascribe greater importance or to which less. Besides, it is almost impossible 
to weigh all these characters against one another and to discuss them without 
subjectivities detracting from the value of the discussion. I have therefore 
preferred to deal with only a small part of the characters and those Pristio- 
phoruscharacters which are present in rays without occurring in any shark 
and those which are present in sharks without occuring in any ray. These 
characters are obtained by subtracting the enumerations in B and D from one 
another. 
Thus, in Pristiophorus the characters 11, 18, 21 + 22, 27, (35), (¢ 
and 46 occur in rays but not in any shark, and the characters 1’, 3, 4-+5-+8, 
13, 28, 30, 32, 33, 34, 45 and 47 are shark characters not present in any ray. 
This method of elimination gives us two groups of characters which ought 
to represent the most important ray and shark characters combined in Pristio- 


phorus. We shall now consider each one of these characters: 


Ray characters. 

11. A tubelike (part of the) precerebral fossa is present in rays only 
where it occurs in Rhynchobatus and pristids. As Rhynchobatus has no 
saw, but Pristis and Pristiophorus have one, the tubelike fossa may not be a 
character due to the development of a saw but only to the development of a 
long and strong rostrum. In Acanthidium eglantina, a squaloid shark, the 


precerebral fossa consists of a posterior broad portion and an anterior narrow, 


deep, groovelike portion. This anterior part forms frontally a short tube, 


which has one wide opening on each side. Acanthidium may exemplify a 
shark with a tubelike rostrum, even if the tube is very short. (A lateral opening 
in the rostral part of the precerebral fossa has been stated to occur in the 
electric ray Narcine [according to HENLE] and in the shark Centrophorus 
granulosus in this paper]). 

18. The two articular fossae for the hyomandibula seem to be a constant 
condition in rays. The ontogenetical development of the articular portion of 
the neurocranium in rays shows that this portion is a part of the hyomandibular 
arch (pharyngohyal) fused on to the skull (HOLMGREN, 1940), whereas the 
corresponding part of the arch in sharks is fused on to the epihyal. As these 
conditions are not known in Pristiophorus it is impossible to tell whether the 
two articular facets in this animal correspond to those in rays or are but 
analogies. According to HOFFMANN, the articular facets are developed on a 
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"Rochenvorsprung”’, whereas the articular facet in sharks is formed on a 
*Haifortsatz”. In Pristiophorus both processes are said to be present, an 
interpretation that seems to be rather dubious considering the ontogenetical 
dey elopment of these facets or processes, which seems to exclude the possibility 
of their simultaneous occurence. 

21 + 22. The presence of a preorbital canal not separated from the nasal 
capsule and its assumed dependence upon the fusion of the preorbital process 
with the nasal capsule in Pristiophorus is decidedly ray-like. In sharks the 
preorbital process is fused with the preorbital portion of the lamina orbito- 
nasalis which is lacking in Raja. This Pristiophoruscharacter should thus be 
an important raycharacter. It must, however, be borne in mind that the 
ontogenetical development of the preorbital canal is still unknown in Pristio- 
phorus, and that different methods for the development of this canal are known 
in rays as well as in sharks. Nevertheless, Pristiophorus is very ray-like in the 
adult condition. A convergence in this respect is, however, not excluded especially 
as the raycondition signifies a simplification of the development of the lamina 
orbitonasalis as compared with that in sharks (and partly in Torpedo). In 
Raja the con the nasal capsule and the preorbital canal 
is caused by the non-appearance of the fusion between the orbital cartilage 
and the lamina orbitonasalis in the region of the future canal. In sharks such 
a fusion always takes place. The ray-condition thus means a simplification. 

27. As the insertion of the obliquus inferior muscle in sharks is always 
located to the orbit, and in rays sometimes to the basal surface of the skull. 
Pristiophorus, in which the insertion is partly orbital and partly basal, occupies 
an intermediate position between the two groups. 

(35), (38) and (40) are characters due to the existence of a saw. See the 
discussion in the next chapter, which may claim to provide good evidence that 
in Pristiophorus and Pristis the saws are merely analogous structures. 

16. The slender, bandlike hyoid copula is common to all rays except Tor- 


ids. In sharks a bandlike hyoid copula sometimes occurs, but in that case 
46 in Pristiophorus is thus of no great consequence. 


Shark characters 


In Pristiophorus it is very probable that the notochord is enclosed in 


plate. (Compare the note on p. 68). If this is really the case this 
condition is a very important shark character. 

4, 5 and 47. The existence of a palatobasal articulation (4), a palatobasal 
process (5) and an orbital process on the palatoquadrate (47) are correlated, 
very important and exclusively shark conditions. 

28. The position of the eye stalk immediately in front of the prootic foramen 


is a shark character, but I am not quite sure that it is exclusively characteristic 
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of sharks. In rays, however, the eye stalk is, very often at least, located almost 


midway between this foramen and the fenestra optica. 

32. The absence of an articular process on the nasal capsule in Pristio- 
phorus is a shark character, due to the absence of a chondrified antorbital 
cartilage”. In Pristiophorus a non-chondrified antorbital ”cartilage” reaches 
the nasal capsule, without, however, forming a differentiated articulation 
with it. 

45. As all rays have pseudohyoids and no shark has any, the absence of a 
pseudohyoid in Pristiophorus is apparently a shark character of great im- 
portance. 

To these shark characters may be added the very important fact that the 
anterior portion of the vertebral column in Pristophorus consists of separate 
vertebrae as in sharks, whereas in rays a great number of not even ontoge- 
netically separate vertebrae form a long cartilage pierced by the segmentary 
nerves. In Pristiophorus the vertebral column widens frontally, as is the case 
in Rhina, in which occipital condyles also occur and, moreover, the anterior 
vertebrae are not fused. 

From a comparison of the selected characters which we have discussed in 
the preceding lines, we must conclude that Pristiophorus has more pronounced 
points of agreement with sharks than with rays, as its most important shark 
characters are specializations occurring only in sharks, such as the strong 
basal articulation, the orbital process of the palatoquadrate, the absence of a 
pseudohyoid and the probable enclosing of the notochord in the basal plate. 
To these cranial characters may be added the condition of the anterior end 
of the vertebral column and some other less conspicuous characters, of which 
a few, hitherto unmentioned or not dealt with are of great importance. These 
will now be discussed. 

3. On a level with the basal articulation the basal plate in the medial line 
has an obtuse basal angle. This angle is not so accentuated as it is any squaloid 
shark, but this basal angle is not far from being typical. The position of the 
basal angle in Pristiophorus is that of a notidanid or a squaloid shark. 

33. A rudimentary ectethmoid process is present ventrally on the carti- 
laginous lateral border of the preorbital wall. The process is very insignificant, 
but as an ectethmoid process it proceeds caudally as a ridge at the lower 
boundary of the orbit. This ridge has previously been called a subocular shelf. 
The presence of an ectethmoid process is a character belonging to notidanids, 
Chlamydoselachus, squaloids and some galeoids. In Osxynotus the ectethmoid 
process is not much more highly developed than in Pristiophorus. In Pristio- 
phorus the antorbital cartilage is represented by a well-delimited mass of tough 
connective tissue extending below the eye, in the lateral border of the head. 
This antorbital ’cartilage” always seems to be present in the embryos of sharks, 


and this “cartilage” is there connected with the ectetmoid process. In Pristio- 
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phorus the tissue of the antorbital cartilage extends frontad outside the nasal 
capsule to join the serrated edge of the saw. In shark embryos a mesen- 
chymatic process from the matrix cell mass (eyebrow area) of the antorbital 
“cartilage” extends frontad outside the nasal capsule, on to which it fuses 
(HOLMGREN, 1940). A further frontal extension may perhaps have produced 
a condition like that of Pristiophorus. 

8. At the frontal end of the basal plate in squaloids a medial ridge is present 
proceeding from the rostrum. This ridge may be very strong or may be rather 
weak according to the strengh of the musculus preorbitalis inserted into it. 
In Pristiophorus a very weak ridge is produced in the midline of the anterior 
part of the basal plate by the fusion of two ridges, one from each medial 
part of the nasal capsule. To this ridge the musculus preorbitalis is attached. 

30. In notidanids and squaloids the basal communication” of GEGENBAUR 
(’subnasal fenestra” of my description) is a very striking feature, which is 
only rarely missing (Oxynotus) Notorhynchus, Hexanchus( 7). In the adult 
skull the dorsal opening of this canal is found in the bottom or on the lower 
posterior part of the side wall of the precerebral fossa, immediately in front 
of the membranous anterior wall of the cranial cavity. The ventral opening 
lies on the ventral side of the skull in front of the ectethmoid process in the 
ectethmoid chamber, where also the orbitonasal canal opens. In Pristiophorus 
there is also a "basal communication”. Its dorsal opening lies in the side wall 
of the precerebral fossa immediately in front of the anterior membranous 
wall of the cranial cavity, and its ventral opening between the ectethmoid pro- 


cess and the nasal sac. In the same space the orbitonasal canal has its anterior 


opening. This space may thus correspond to an ectethmoid chamber (34). The 


dorsal opening is limited caudally by a strong ligamentous band and by the 
anterior wall of the cranial cavity, which separates it from the olfactory canal. 
If these membranous parts are removed, the basal communication” can no 
longer be differentiated from the olfactory canal. 

From the discussion here presented the conclusion seems inevitable that 
Pristiophorus is far more of a shark than a ray, and that it is closely allied 
to squaloid or notidanid sharks. From this conclusion it follows that the saw 
in Pristiophorus and that in Pristis are only analogously developed rostra and 


least a number of ray-like characters have independently arisen in 


THE SAW IN PRISTIS AND PRISTIOPHORUS. 
Pristis. 
The differences in the morphology of the saw in Pristis and Pristiophorus 
have been well described especially by HoFrrMann, and there is but little to 


add to his desciptions. In Pristis the saw consists of a flat rod of cartilage or 
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calcified cartilage, basally containing a medial canal — the frontal continua- 
tion of the precerebral fossa — on each side of which runs a wide canal 
containing the ophthalmicus superficialis, the buccalis VII nerves, the rostral 
artery and vein. At the edges the bases of the teeth of the saw are embedded 
in somewhat shallow alveoli. Between each two teeth the margin of the rostral 
cartilage juts out further laterad than the borders of the teeth-alveoli. The 
entire rostrum is embedded in a very tough connective tissue, with bundles 
of parallel longitudinal fibres lying in fairly thin envelopes of connective 
tissue fibres. The connective tissue is particularly thick and powerful in the 
lateral parts of the saw around the bases of the teath. At the base of the saw 
this connective tissue extends caudad to the anterolateral surface of the 
olfactory capsule connecting up with the frontal corner of the antorbital 
cartilage. 


No really reliable interpretation of the saw of Pristis can be given at present 


as the development of the rostral structures in sufficiently young embryonic 


stages is still unknown. We are thus restricted to comparative anatomical 
evidence for our understanding of the saw. First of all, we may state that 
there is no sign of any cartilaginous rostral appendix such as that in Raja 
and Torpedo or such as the lateral lamella of the rostrum in Rhinobatids. If 
such an appendix existed, it ought to separate the ophthalmicus superficialis 
VII from the buccalis VII and thus be sought for on the medial wall of the 
big lateral rostral canal. But this medial wall is quite smooth, and apparently 
corresponds to the original lateral surface of the primary rostrum. From this 
portion issue the dorsal and ventral walls of the lateral canal. But how are 
we to interpret these walls from comparative anatomical points of view? Fo1 
this purpose we may turn our attention to the rostrum of Rhinobatus. In 
Rhinobatus (fig. 46) the rostrum is quadrangular in cross section. In the middle 
of its lateral surface there issues a thin lamella corresponding to the rostral 
appendix in Raja (and Torpedo). The upper and lower surfaces of the rostrum 
are drawn out laterad in an upper and a lower ridge. Between the upper ridge 
and the rostral appendix runs the ophthalmicus superficialis VII and between 
the appendix and the lower ridge the buccalis VII nerve. If we assume that 
the two ridges grew out laterad and then fused with their lateral margins, 
a lateral rostral canal would arise, enclosing the ophthalmicus and the buccalis 
nerves. The Pristis conditions may have arisen in this manner. Are there in 
Pristis any signs of this mode of development of the rostrum? There are. 
The figures of tranverse sections of the rostrum which have been published 
by HorrMaNN and my own investigations show that the dorsal as well as the 
lateral wall of the lateral canal are pierced by nerves and blood vessels. These 
canals could scarcely have arisen unless the nerves and vessels already present 
had been surrounded by cartilage. This cartilage must have arisen in a mesen- 


chyma connected with the lateral ridges of the rostrum (as those in Rhino- 
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batus). It ought originally to have formed a dorsal and a ventral lamella, 
which fused outside the nerves. Remnants of the lateral gap between the two 
lamellae are left in the shape of canals in the lateral wall of the lateral rostral 
canal. After the lateral fusion, however, the lamellae on a level with each 
tooth developed further laterad, forming the dorsal and ventral walls of a 
tooth-alveolus. Between the teeth the fused lamellae extended to a broad 
cartilaginous marginal portion. In Ovxypristis cuspidatus, according to the 
figures of HOFFMAN, a second lateral canal is formed outside the first, and 
the alveoli outside it must have originated as the alveoli in Pristis. The second 
ateral canal in O-xypristis encloses ampullar organs innervated from the 
ophthalmicus as well as from the buccalis nerves. In Pristis a group of 
are found in the bottom of the alveoli. Such organs in O-xypristis 

have become enclosed in the second lateral canal. In Pristis perrotetti the 
foremost alveolus is not separated from the lateral canal, the formation of the 
lateral wall of the canal not taking place. There the original rostrum has two 
separated lamellae, a dorsal and a ventral, between which run the nerves. This 
condition seems to strengthen the theory set forth in the preceding lines. 
HOFFMANN says that the walls of the lateral rostral canals could only be inter- 
preted as " Neubildungen”’. They are, of course, ’’ Neubildungen”, but they have 
probably developed in relation and close connection with structures such as 
are present in Khinobatids. 

saw-teeth of Pristis are placoid scales without a basal plate. They are 


ly vascularized, pierced by a longitudinal network of larger canals and 


innumerable dentin canals. The canals are surrounded by lamellae of calcified 


(ossified?) substance with dentin canals perpendicular to the lamellae. 


The saw of ‘istiophorus is very well described in HOFFMANN’s work 
{IQI3). 
The rostral structures of Pristiophorus are very different from those of 
Pristis, in fact, so different that the only real point of agreement is that the 
and pierced by a medial canal, viz. the frontal continuation 
fossa. At the lateral sides of the central rostral rod broad 
are attached, which separate the ophthalmicus superficialis 
VII from the ccali Il nerves. These nerves are thus found in rather 
deep grooves on each side of this lamella. Outside the lamella the basal parts 
of the teeth of the saw are embedded in a very tough connective tissue. 
Caudally, outside the nasal capsule, this tissue is continous with the tissue 
of the non-chondrified antorbital cartilage’. The teeth are big placoid ’’scales”’ 
with strong basal plates developed especially in a longitudinal direction, of 
which the ossified( 7) tissue clothes the dentin part of the tooth about to the 
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basal surface of the skin, ending at the base of the external portion of the tooth. 
The tooth thus seems to be sunk into its voluminous basal plate. The dentin 
portion is solid, being pierced only by dentin canals but without vascular canals. 


As no sufficiently young developmental stages of Pristiophorus have been 


investigated concerning the structure of the saw, for any interpretation of 


the saw of Pristiophorus we are likewise confined to comparative anatomical 
evidence. 

There are two possible ways of explaining the saw of Pristiophorus, viz. in 
the light of the rostral conditions in rays or in squaloid sharks. 

A comparison with rays in order to determine the morphological value of 
the horizontal lamella of the rostrum in Pristiophorus might certainly result 
in our assuming substantial agreement between this lamella and the rostral 
appendix in such rays as Rhinobatus and Raja. But in squaloid sharks such 
as Squalus, Acanthidium and Centrophorus, there is also a lateral horizonthal 
lamella present in the anterior part of the rostrum. This lamella could also 
be compared with the lamella in Pristiophorus. In Raja, in which the lamella 
(rostral appendix) could be investigated embryologically, it arises as a separate 
chondrification at an early stage of development (HOLMGREN, 1940). In 
Squalus, on the contrary, the lamella forms as a process on the ventrolateral 
side of the rostrum. As long as the development of the lamella in Pristio- 
phorus is not known, it seems impossible to decide which lamella is present, 
the ray-lamella or the shark-lamella. A hint in the direction of the shark-lamella- 
hypothesis could perhaps be given by a canal piercing the medial portion of 
the lamella in Pristiophorus a short distance behind the level of the tentacles. 
Through this lamella a rather strong branch of the ophthalmicus superficialis 
comes down on the ventral side of the lamella to innervate a tentacle. No 
corresponding canal is present either in rays or in sharks, but in Squalus 
branches of the ophthalmicus superficialis immediately behind the lamella 
are found to pass to its ventral side to innervate sense organs situated below 
the lamella. Perhaps these conditions might indicate squaloid conditions in 
Pristiophorus. A similar indication is given by the considerable and more or 
less fundamental points of agreement between Pristiophorus and squaloid 
sharks already considered in preceding pages. 

In Squalus the eyebrow area is described as extending a process outside 
the nasal capsule to the rostrum. Caudally this process is connected with a part 
of the eyebrow area which later differentiates into the membranous antorbital 
*cartilage’. In Pristiophorus the tough connective tissue surrounding the saw- 
teeth and continuing caudally on the lateral side of the nasal capsule to the 
antorbital ’’cartilage’” may represent the above mentioned structures in Squalus. 

The result of the preceding comparisons is that the morphology of the saw 
in Pristiophorus forms no obstacle in the way of enranging Pristiophorus 


with the Squaloids. 


“4 
4/ 


NILS HOLMGREN 


PHYLOGENETIC AL CONCLUSIONS. 


In all rays the following characters are common: I, 2, 3, 
16, 23, 26, 28, 29, 30, 33, 34, 36, 39, 43, 45, 47, 48, 49. 

Thus out of 51 characters 26 are common to all rays, whereas in sharks 
only 12 are common to all sharks. These are the characters: I, 10, 13, 25, 27, 
32, 37, 38, 40, 41, 45 and 50. This statement permits of the conclusion that 
the rays represent a far more homogenously developed group than the 
sharks. Of these two series of common characters only one character, 
viz. no. 10 (the presence of a prefrontal fontanella), is common to all rays 
and all sharks. From this fact the conclusion may be drawn that the two 
groups are developed in two very different directions, a conclusion already 
drawn from differences in the general ontogenetical development of their 
skulls (HOLMGREN, 1940). 

As it is fairly evident that Pristiophorus belongs to the squaloid sharks as 
a specially adapted form, the idea of its intermediate position between sharks 
and rays must be abandoned. Thus there is at present no evidence for assuming 
a common shark-ancestor for the sharks and rays of the present day. Never- 
theless the two groups are related, and it is therefor necessary to assume 
ancesters common to them both, though those ancesters were probably neither 
shark nor ray as far as our experience of these groups goes back. 

The Rhinidae have been considered to come closer than any of the sharks 
to the Batoids (Rhinobatidae), and GARMAN (1913) says: ’ The approximation 
is particularly noticeable in the vertebral column, the neural spines, the calci- 
fication, the shoulder girdle, the pectoral fins, the pelvis, in the ventral fins, 
and in the dorsals. In both Rhina and Rhinobatus the dorsals are attached 
to modified neural spines, an arrangement not found in the most primitive 
of the other recent sharks. Rhina and Rhinobates have like basalia in the 
dorsals and they have the same transverse dilatations on the upper end of the 
neural spine at the origin of each dorsal fin; in these respect both differ 
markedly from the Squalidae.” GARMAN thus lays especial stress on the 
alleged agreement of the dorsal fins in Rhina and Rhinobatus. This ’agree- 
ment” is, however, erroneous, as the dorsals of the two genera are as different 
as could be. In Rhina the row of basals is supported by two very broad neural 
spines, in Rhinobatus two very large basals are supported by very low neural 
spines. In both cases, however, the neural spine at the frontal border of the 
fin has a lateral expansion on each side. This is the only noteworthy point of 
agreement between the dorsal fins. 

The calcification of the vertebral column is very dissimilar in Rhina and 


Rhinobatus, the former having tectospondylus (chordacentral concentric lamel- 
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lae) with thin radial lamellae, the latter asterospondylous (mostly with 8 thick 
radial lamellae). The other points of agreements” are probably all attributable 
to convergency due to the flattened body form and to the enormous development 
of the paired (especially the pectoral) fins. 

Thus there seams to be very little argument in favour of any relationsship 
between Rhina and the Batoidei. 

To sum up our phylogenetical ideas expressed in this part of the investiga- 
tion they may be represented by the diagram above. 

In this diagram there are many uncertainties. Whereas the ray-portion of it 
seems to be acceptable, at least on the whole, and to conform to the evidence 
produced, the shark-portion contains objectionable points, which will now be 
discussed. The lower section of the diagram, the preselachians, will not be 
dealt with in the present discussion, as it will be given closer consideration in 
the third part of this work. 

The most debateable questions are the position and importance of Chlamydo- 
selachus and of Heterodontus. 

In regard to Chlamydoselachus, our comparisons have shown that the genus 
is related to the Pleuropterygii (Cladodus), to the Notidanids and to Rhina. 
It seems very probable that Chlamydoselachus is a descendant of a Cladodus- 
like stock, retaining certain fundamental characters, such as the broad basal 
plate without any pronounced basal angle, the broad palatobasal processes in 
the frontal part of the orbit and a primitive hyostylic jaw suspension 
bordering on an amphistylic. The distance between Cladodus and Chlamydo- 


selachus is expressed in the partially enclosed carotid arteries (communis and 
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externus) and the large ventral extension of the basis of the postorbital pro- 
cess in the former. In the Notidanids and their allies (Squaloids and Pristio- 
phorids) the basis cranii became narrowed down, the palatobasal process 
approached the middle or the posterior part of the orbit, and a distinct basal 
angle developed. The notidanid type may very well have developed from a 
Chlamydoselachus or a nearly allied type probably with amphistylic suspension 
of the jaws (Protacrodus?). But the step between a Chlamydoselachustype 
and a notidanidtype seems to have been rather a long one and no doubt a 
number of still unknown shark genera intervened. Chlamydoselachus has there- 
fore been placed near the branching-off point of the Notidanids. From the 
Cladodus-Chlamydoselachustype may have arisen and developed the numerous 

ad-skulled sharks. Of these sharks the Rhinidae seem to have retained the 
Chlamyd selachuscharacters more unaltered than the Orectolobids, Chiloscyl- 
lids and Galeoids (sharks with 3-limbed rostrum). These three groups, together 
with Rhinidae and Heterodontidae, have so many common characters that 
they m form a unity. A very characteristic feature of these groups is the 
broad subotical shelf, which is pierced by the external carotid artery (orbital 
artery), the orbital articulation of the palatoquadrate in the anterior part of 
the orbit, the absence of a frontal wall of the orbit and the symphysis of the 
palatoquadrates lying in or near the ethmoid region etc. In the cranial struc- 
tures Heterodontus behaves as the other families of these groups. The degree 
of similarity between Heterodontus and the Chilloscyllids is so great that 
one might be tempted to combine them. The differences are all more or less 
gradual, as is seen from the comparison already given. The presence of fully 


developed nasoral grooves in Orectolobus, Chiloscyllium, Haploblepharus (Ga- 


leoid), and rudimentary in some Catulus, Atelomycterus (Galeoids) and 


ring these genera near to Heterodontus, which has well-developed 
grooves. In Rhinidae, Orectolobidae, Chiloscyllidae and the Galeoids no fin 
spines occur, whereas in Heterodontus both dorsals have a fixed spine in front 
of a big triangular basal. This Heterodontus condition is that occurring in 
the Upper Devonian and Lower Carboniferous Ctenacanthidae, the Lower 
Carboniferous Tristychidae and the Upper Carboniferous to Cretaceous 
bodontidae, to wich Heterodontus is apparently closely related. These two 
fossil families form the ”Protoselachii’, which have been considered 

to have evolved from a Cladoselachid-like group. As, however, the structure 
of the Protoselachii is very little known, there is a possibility that the relationship 
was a rather distant one. The great accordance between Heterodontus and the 
Chiloscyllids seems to indicate that the cranial characters of the primitive 
Protoselachii were not very different from those of the other broad-skulled 


sharks.? If this, conclusion is right, the common branch of the Protoselachu 
1 Hybodus, however, seems to have had an otic articulation of the palatoquadrate. 


SO 
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and the recent broad-skulled sharks may have branched off somewhere between 


Cladodontidae and Chlamydoselachidae. 

The Ctenacanthidae have been placed with the Cladoselachidae and therefore 
must have issued from the shark stem somewhere between the Cladodontidae 
and the notidanid branch. As the Ctenacanthids had fin spines (also recorded 
in the case of Cladoselache | HARRIS, 1938]) there is a possibility of the occur- 
rence of fin spines in the squaloid sharks, even without assuming an inde- 
pendent development of these structures in the hybodontid-heterodontid 
groups and in the squaloid genera. As the comparative anatomy of the dorsal 
fins thus seems to have some bearing on the question of the phylogeny of 


the selachians, a special chapter will now be devoted to their fins. 


SOME OBSERVATIONS ON THE 
DORSAL PINS 


FURBRINGER (1904) stated that the dorsal fins in selachians may be divided 
into two well-defined groups, viz., those without a spine but with a great 
number of rays, and those with an anterior spine and a small number of rays 
(Squalus with 6, Etmopterus with 4, Scymnorhinus |2d dorsalis] with 5.). 
As an instance of a great number of rays in a shark with a spine, Heterodontus 
has 9 rays (according to FURBRINGER). 

To the first type belong Chlamydoselachus, the Notidanids and the Galeoids, 
to the second the Squaloids and Heterodontus among recent and Ctenacanthids, 
Hybodontids, Tristychids and Cladodontids among extinct sharks. With regard 
to the recent sharks, it would thus seem justifiable to divide them into two 
groups: those with a spine and those without a spine. On the basis of such 
a classification Chlamydoselachus, the Notidanids and the Galeoids should 
form one unit, the Squaloid and Heterodontus another. This, however, would 
tally very little with a classification founded upon the structure of the skull. 
The Notidanids, which have definitely been found to be very like the 
Squaloids, would be widely separated from the latter, while the Galeoids and 
Heterodontus, the skulls of which are very similar, would also be considerably 
separated in the phylogenetical system. How then can we explain the different 
results of the two classifications? For this purpose we must give descriptions 
of some dorsal fin types in sharks which have hitherto not been considered, 


and also summarize our present knowledge of the dorsals. 
A. Spineless types: 


1. Chlamydoselachus (fig. 60). In Chlamydoselachus the dorsal fin has been 


figured some times (GARMAN [1885], DEINEGA [1909], FURBRINGER [1904]). 


The figures are in close agreement. There are always two distinct parts 


A. 1941. 
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discernable, viz., a posterior with mostly 3- or 4-jointed rays directed dorso- 
caudally, and an anterior with mostly one-jointed rays (basals) which are 
directed dorso-frontally. There is thus an anticlinal point (hyp. p. fig. 60) in 
this fin. In a dorsal fin of a somewhat advanced embryo at my disposal this 
structure is quite typical and the fin in question agrees very well with the 
figure published by FUrBRINGER. The musculature of this fin consists mostly 
of two muscles for each ray; the small anterior basals, however, seem to have 
but one.’ The rays of the dorsal fin of Chlamydoselachus are rather broad 
and their number seems to be variable (in DEINEGA’s figure 29 basals are 
present, in FURBRINGER’s 20 and in GARMAN’s about 16. In my specimen 18 
basals are discernible). The anticlinal points lie differently. In FURBRINGER’s, 
GARMAN’s and my specimens it lies between the 7th and 8th basals counted 


from behind, in DEe1nEGa’s between the 11th and 12th. Moreover, the frontal 


Fig. 60. Dorsal fin of Chlamydoselachus anguineus. (After DEINEGA [1909].) 


part of the fin is differently developed. GARMAN’s specimen had 11, FUr- 
BRINGER’S 12, my specimen 11 and DEINEGA’s 18 rays in front of the anteclinal 
point. These differences may be due to the different ages of the specimens 
investigated. — The fin is well separated from the vertebral column. 

2. Galeoid sharks. In the galeoid sharks the general type of a dorsal fin is 
that with a variable number of slender, mostly 3-jointed, rays. Generally the 
fin skeleton is separate from the vertebral column. As far as experience goes, 
there is but one muscle for each ray. (Compare FURBRINGER [1904], MAYER 
[1885].) In some galeoids the number of joints in the rays may rise to more 
than 3. (In Lamna 5, in Ginglymostoma 6, according to Mivart [1879].) 
The galeoid fin is considered to be the most primitive of the dorsals of recent 
sharks. 

The dorsals of Rhina belong to the galeoid type, but differ from it in being 
connected with the vertebral column. This column has well-developed dorsal 
spinal processes. Two particularly strongly developed processes are connected 


1 
} 


with the fin basals and serve as basals. (Mivart’s figure [1879] of the Rhina- 


dorsal, reproduced by DANIEL [1922] is erroneous, but was corrected by 


Mayer [1886]). The dorsals of Pristiophorus recall the Rhinadorsals; how- 
ever, they will be discussed later. 


The musculature of the most anterior part of this fin was partly destroyed by the 
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dissection. 
82 


83 
STUDIES ON THE HEAD IN FISHES 

3. Notidanid sharks. In the Notidanids there is always at least one great 
’basal”, from which the jointed radials issue in parallel series. Variations are 
common, and some cases may therefore be described. In Heptanchus cinereus 
the following cases may be mentioned: 

a) Mivart (1879) has described one dorsal fin with only one anterior 
basal carrying a series of rays, mostly 3-jointed, of which the basal parts of 
the four most caudal are joined to form one single piece. 

b) Mayer (1885) has illustrated two specimens, one of which had one 
anterior basal, like the specimen of Mivart, but with 5 rays on the posterior 
piece, (united proximal joints of the five posterior radials). The second 
specimen is similar, but in front of the basal” are two smaller ”basals”, the 


. 61. Dorsal fin of Heptanchus cine- ‘ig. 62. Dorsal fin of Hexancus griseus. 
reus. (After FURBRINGER.) (After FURBRINGER.) 


greater of which, (the posterior) carries two rays, the smaller (the anterior) 


one ray. These anterior basals” lie on a higher level than the lower border 


of the chief basal”. The radials are 3-, 4- or 5-jointed, mostly 4-jointed. 


c) The figure of a dorsal, published by FURBRINGER (fig. 61) coincides 
well with the second one of MAyeEr’s, but there is only one small anterior 
basal’, which however carries three radials. The posterior basal’ in one 
specimen carried 6 radials. The radials are 3- or 4-jointed. 

d) In an embryonic dorsal which I have had at my disposal the arrange- 
ment is as in MIvart’s specimen, but there are three smaller radials in front 
of the first 3-jointed one. 

In the specimens described by FURBRINGER a split-like 2—3-jointed (fig. 61) 
thin radial was found below the posterior end of the chief ’’basal’’, and the 
anterior end of the posterior basal”. In my embryo no such radial was found. 

The dorsal fin of Hexanchus (fig. 62), according to FURBRINGER, has 
three ’’basals”: a large frontal, a middle and a posterior. The frontal and the 
middle together correspond to the principal basal’ in Heptanchus. The radials 
are mostly 4-jointed. 

In Notorhynchus there are four basals, viz., 1) a small anterior with but 
one radial, in front of which lies a very small cartilage (radial), 2) the very 
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large principal ’’basal”, 3) a triangular basal, carrying the fused basal parts 
of the posterior seven rays, and 4) the ’’splitshaped” ray, of which the basal 
joint belongs to the series of basals. The radials are generally 5-jointed. 
The possible relations of the Notidanid-dorsal will be discussed further on. 
B. Dorsals with a spine. 
In recent sharks dorsal spines are only present in Heterodontids and 
Squaloids. 
1. Heterodontids. The skeleton of the dorsal fin of Heterodontus francisci 
and philippi have been illustrated by DANIEL (1915, 1922) and FURBRINGER 
(fig. 63) respectively. I have had the opportunity of 
investigating the dorsals of japonicus and philippi. In 
the three of them is a high ’’basal’”’ fused to the posterior 
side of the spine and giving the latter firm support. 
The basal is foursided, with the upper border sloping 
down obliquely. On this the radials are placed. Their 
proximal joints are fused on to two or three plates 
which carry the apical parts of the radials. Their 
number is about ten. In H. japonicus, where there are 
ten radials, each radial has its own muscle. In H. phi- 


Fig. 63. First dorsal fin Jippi, in which FURBRINGER counts 14 radials’, 14 
of Heterodontus Philip- 


pi. (After FURBRINGER.) muscles were also present. But in this case the radials 
ADIN 


from the 10th to the 14th form one piece, of which 
the composition of 5 radials is concluded from the presence of 5 muscles in 
that part of the fin. 


2. Squaloid sharks. In the squaloids many types of dorsals are present, 
h 


which, however, all are apparantly variations of a single scheme. Nevertheless, 
the interpretation of these fins is very difficult, as will be realized from a 
survey of these types. 

a) Acanthidium eglantina. In this species the spine of the first dorsal is 


much less prominent than that of the second. In the first dorsal (fig. 64 A) 


17 or 18 ’basals’”’ are present behind the spine. Of these basals each of the 


two foremost carry two radials, of which the foremost has one, the next two 
joints. These two basals are somewhat triangular and may afford some support 
for the spine. The following 15 rays are three-jointed, normal rays. The last 
ray is more complicated (see the figure). The second dorsal (fig. 64 B) begins 
behind the spine with a large triangular basal, the anterior border of which 
is fused on to the spine affording very strong support to this structure. On 
the dorso-caudal border of the triangular plate are attached: 1. two small 
cartilages (rudimentary rays), 2. then a very broad piece carrying an equally 


broad apical piece, 3. two double-jointed rays and 4. a broad joint carrying 


but ten radials 


1 In a specimen at my disposal there are 
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Fig. 64 A. Anterior dorsal fin of Acanthidium eglantina. B. Posterior dorsal fin of the same. 


two apical pieces. The number of free or fused rays on the triangular basal 
may probably be nine or ten. Behind the triangular plate follow five basals 
belonging to five 3-jointed rays and a basal belonging to the more complicated 
end-rays (see figure)? 

b) Centrophorus sp. probably acus (fig. 65 A, B). In the structure of the 
skull, Centrophorus sp. is closely related to Squalus and differs very widely 
from Acanthidium. Nevertheless, the dorsal fins resemble Acanthidium eglan- 
tina far more closely than Squalus. The first dorsal is shorter than the second, 
whereas in Acanthidium eglantina the first dorsal is longer than the second. 
In Centrophorus sp. the first dorsal (fig. 65 A) begins frontally with a large 
triangular basal with three broad rays, of which the first is triangular and 


broader than the two others. Each of the three terminates in one apical. The 


third has a short basal, a long medial and one short but broad apical joint. 


? Unfortunately I did not examine the musculatur of those fins. 
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Behind the triangular ba- 
sal follows a somewhat 
irregularly 3-jointed broad 
ray with two apicals, and 
behind this ray a broad 
4-jointed ray with one 
apical. A small pointed 
cartilage ends the series 
of basals caudally. The 
first (double) ray has 8— 
9, the second 4, the third 
4, the fourth 5—6 and the 
fifth about 8 muscles = 
in all about 31 muscles. 


In the second dorsal 


(fig. 65 B) fin the spine 


is less developed than in 
the first dorsal. It is sup- 

ported by short tri- 

angular basal which car- 

ries three medials, each 

having one apical. The 

A. Anterior dorsal fin of Centrophorus acus(?). 


B. Posterior dorsal fin of the same. joints are about half as 


broad as the three in the 
first dorsal. Then follows, behind the triangular ’basal”, a complete 3-jointed 
ray, the basal piece of which is as high as the posterior margin of the 
triangular plate. After this follows a 4-jointed ray, of which the two 
basal pieces together reach up to the upper end of the posterior border of 
the preceding basal. Then follows a 4-jointed ray, the two basal joints of 
which do not reach to the level of the upper end of the two basal joints of the 
preceding ray. After these rays follow six rays of which the foremost has four, 
the others three joints. To the two frontal rays belong 8—9 muscles, the next 
two have two each, the 5th to the gth two each, making ten altogether, the 
10th and 11th three each, totalling six, and the two last about three muscles: 
about 31—32 muscles in all. As the muscles in the last group, especially in 
the anterior fin, are difficult to count, there may be a small error, which, 
however, does not very much affect the close agreement existing in the number 
of muscles in the two fins. This agreement seems to indicate that the rays 
of the anterior dorsal are double or even more composite rays. A comparison 
between the two fins thus shows that the triangular basal is a different basal 


in the two of them and that the basal of the anterior fin contains parts of 
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three rays more than that of the posterior. This conclusion is supported by 
the fact that the third ray in the anterior fin, except the parts that are included 
in the triangular basal, has three free joints just as the two corresponding 
rays in the posterior fin would have if their small basal joints were included 
in a large triangular basal. 

c) Centrophorus granulosus. The dorsals of this species have been described 
and illustrated by Mayer (1885). In the first dorsal the postspinal basal is 
more or less foursided, with a dorso-caudal and a ventro-caudal border. This 
basal carries five rays, of which the two anterior are partly fused, the 5th is 
3-jointed and the other four 2-jointed. Behind the basal follow 4 complete 
rays, of which the penultimate has two, the others one apical joint (Com- 


pare Centrophorus sp.). The last two rays have four joints, of which the 


Fig. 66 A. Anterior dorsal fin of Centroscymnus owstont. B. Posterior dorsal fin of 
the same. 


basal is very small (cf Centrophorus sp.). The sum of rays (apicals) is ten 
(or eleven if the last ray is a double-ray). The second dorsal has a triangular 
basal, which carries four two-jointed rays, of which the first two are so broad 
that each one may consist of two fused rays. Behind the triangular basal only 
one ray is present. This one has a very strong basal and a broad medial and 
apical and may therefore consist of at least two fused rays. 

In the anterior dorsal the basal carries 5 rays, in the posterior probably 6 
rays, which accounts for the longer caudal extension of the post-spinal basal 
in the second dorsal. The musculature is not known. 

The dorsals of Centrophorus granulosus correspond fairly well with those 
of Centrophorus sp., but in the latter the second dorsal is much longer than 
the first dorsal, in contrast to the condition in the former. 

d) Centroscymnus owstoni (fig. 66). In the anterior dorsal only seven pieces 
are present. A very strong triangular basal carries two broad plates, of 
which the anterior, smaller, has one apical and the posterior, larger, has two. 
A small piece is cut off from the ventral border of the second medial. There 


are no free rays. About 16—18 muscles are present. The posterior dorsal is 


very similar, but from the triangular basal a triangular posterior portion is 


cut off from the posterior end of the first. The posterior spine is weaker than 
the anterior. 18—20 muscles were counted. 


e) Scymnodon squamulosus (fig. 67 . The dorsals of this species 
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agree almost perfectly (but has only six pieces) with those of Centroscymnus 
owstoni. As in the latter, the triangular basal of the posterior dorsal is 


divided into two plates. The first dorsal is shorter than the second but has 


a bigger spine. In the former about 15, in the latter 23—25 muscles are present. 


f) Etmopterus spinax (fig. 68 A, B). The anterior dorsal fin of this species 
has been described and illustrated by Mivart. His figures are generally cor- 
rect, but the fingerlike post-spinal ray of the first dorsal fin is perfectly fused 
on to the anterior upper corner of the basal. The posterior dorsal is longer 


than the anterior, and the second medial plate carries five apicals as compared 


\. Anterior dorsal fin of ‘ 


Fig. 68 A. Anterior dorsal fin of 
lon squamulosum. B. Poste- Etmopterus spinax. B. Posterior dor- 
rior dorsal fin of the same sal fin of the same. 

with only two in the anterior fin. The basal of the posterior fin is longer 
than in the anterior and its posterior basal angle is more acute. Moreover, the 
second medial plate is much longer in the posterior fin than in the anterior. 

g) Squalus acanthias (fig. 69 A, B, 70 A, B). The dorsal fin skeleton has 
been described and illustrated in Squalus Blainvillei (Mivart, MAYER) and in 
Squalus acanthias (FURBRINGER and others). No two figures agree in all 
details. Generally the large triangular basal is cut off caudally in the anterior 
dorsal, but in the posterior dorsal the same may also be the case occasionally, 
as observed in an advanced embryo (fig. 70 B). Thus in the anterior dorsal 
there is generally a triangular field behind the large basal. This field may be 
occupied by a single plate or there may be a variable number (2—5) of plates 
in this space. In the anterior dorsal there are three medials, but in the posterior 
there are only two, of which the posterior is almost twice as broad as the 
anterior. The apicals are variable. In the anterior dorsal the first medial 
carries only one broad apical, in the posterior two. The second medial of the 
anterior fin has one or two apicals and the third always seems to have two. 
In the posterior fin the second (second +- third) has two or three apicals. 


The spine of the posterior dorsal is much longer than that of the anterior. 
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. 69 A. Anterior dorsal fin of Squalus acanthias, adult fish. B. Posterior dorsal fin of 
the same, adult fish. 
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70 A. Anterior dorsal fin of Squalus acanthias, embryo 12—15 cm. B. Posterior 
dorsal fin of the same, embryo 12—15 cm. 


Of great interest is the fact that there may be (THATCHER, FURBRINGER) 
one or two basals in front of the spine of the anterior and two, three (fig. 
69 B) (Mayer) or four (fig. 70 B) vertically arranged cartilages (radials) 
in front of the spine in the posterior dorsal. These cartilages decrease in a 
frontal direction. These observations seem to show that the spine is not the 
most anterior ray of the spiniferous dorsals, but the third, fourth or fifth. 
This statement may be of a certain theoretical interest, as will be explained later, 

h) Oxynotus centrina (Centrina Salviani). The skeleton of the first dorsal 
has been illustrated by BURCKHARDT (1900) and those of the first and second 
dorsals by Mayer. The spine of the first dorsal is straight and shows some- 
what frontad, that of the second dorsal is slightly bent caudad. 

The first dorsal (fig. 71 A) with its greater height is not longer than the 
second. The postspinal basal of the former is about equilaterally triangular. 
Its posterodorsal border carries a mosaic of cartilages forming three rows, in 


which no radial arrangement could be discerned. Behind the postero-ventral 


corner of the basal is a fairly large plate, and below this corner of the postspinal 


basal and the anterior end of this posterior plate lies a small ovoid cartilage. 
The second dorsal (fig. 71 B) very much resembles the first, but the posterior 
corner of the basal is cut off from the rest and forms a triangular plate, 
behind which lies a large plate, corresponding to the posterior plate in the 


first dorsal. The mosaic of joints contains a smaller number of pieces than 
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in the first dorsal, and the 

mosaic consists of only two 

distinct rows. As in the an- 

terior fin, a small cartilage 

lies at the caudal end of the 
postspinal basal. 

i) Scymnorhinus lichi (fig. 

72). The dorsals of this 

shark have been frequently 

described and illustrated 

(Mayer, FURBRINGER, HEL- 

BING [1904]). No two fins 

agree perfectly, the variabi- 

lity being very wide. The 

Anterior dorsal fin of Oxynotus centrina. 


: spine is always rudimentary, 
Posterior dorsal fin of the same. 


and its hard parts (dentin, 
enamel) are always absent in the posterior dorsal. In the anterior dorsal | 
have found a very acute rudimentary dentine spine (fig. 72 B). The simplest 
known anterior dorsal of Scymnorhinus is one illustrated by HELBING. It 
consists of a triangular basal with a rudimentary spine process, two medials 
and two apicals. FURBRINGER’s case differs in having two apicals on the an- 
terior medial. Another fin illustrated by HELBING has two basals, of which 
the anterior has a somewhat strongly pronounced spine process. The posterior 
basal is small. Three medials are present, the third of which carries two apicals. 
The first, has none, the second one. My specimen agrees with this specimen. 
in the general arrangement, but the second medial and the apical belonging 
to it are very broad, both apparently being composite structures. The spinal 
process carries a true spine. At the anterior border of the spine is a small 
cartilage, which may possibly represent a prespinal radial. 

The posterior dorsal is always better developed than the anterior, but it is 
even more variable. In a fin of a 12-cm embryo the spinal process is separated 
by a narrow cartilagineous part (fig. 72 A) from the postspinal basal which 
is cut off caudally at right angles. This basal carries two rays, the anterior 
with two joints, the posterior with three. Behind the first basal there follow 
two other basale, of which the anterior carries a medial and two apicals. The 
third basal is very small (without radials). This embryonic fin thus shows 
an arrangement of the skeletal parts in rows as true radials. This arrangement 
is also obvious in at least two of the second dorsals illustrated by HELBING. 
In the one of these there are, besides the postspinal basal, which lacks a spinal 
process, four other basals present, of which the three anterior carry 2-jointed 


radials, but the fourth is single. In the other second dorsal, three basals are 


present, as in my embryonic fin, but the rays are better developed. The first 
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medial (of the embryonic fin) is divided into two, the second of which has 
an apical. The second basal carries two medials with apicals, and the third 
basal has an apical joint. The third fin of HELBING has three complete basals, 
but the first (postspinal) displays an incomplete dividing line, which indicates 
that the posterior part of the first basal represents a separate basal. The radials 
are irregularly placed, tending to form a mosaic (8 pieces). In MAYER’s case 


the spinal process is lacking. There, four basals are present and the radials 


form a mosaic (10 pieces). In my specimen a spinal process is present (fig. 


72 C). The postspinal basal has protuberances frontally, indicating a frontal 


C 


B 
Fig. 72 A. Anterior dorsal fin of Scymnorhinus lichii, embryo. B. Anterior dorsal fin of 
the same, adult. C. Posterior dorsal fin of the same, adult. 
growth of this basal. Four basals are present behind the postspinal. The radials 
(11 pieces) form a mosaic. In all Scymnorhinus-dorsals the postspinal basal 
is truncated caudally. 

j) Somniosus rostratus and microcephalus (Laemargus borealis). HELBING 
has illustrated four anterior and four posterior dorsals of S. rostratus and five 
anterior and six posterior dorsals of S. microcephalus. BURCKHARDT has a 
figure showing an anterior dorsal of this species. 

In the anterior dorsal of rostratus, HELBING found a pflugcharlike anterior 
prolongation, the anterior part of which may represent the basal part of the 
spine. In two cases he found two small cartilages behind one another lying, 
dorsally to the prolongation. The first basal was truncated caudally and _ fol- 
lowed by one or two other basals. The rays were arranged in a row on the 
dorsal border of the basals. This condition was especially evident in an 
embryonic fin, in which the spinal process was also well developed. In the 
posterior dorsal (in 3 specimens) one or two separate cartilages were present 
in front of the first basal, on which the spinal process was lacking. The first 
basal was rather short and the second long. The rays were, in general, regularly 
arranged, two or three on the first basal, three or four on the second. In the 
embryonic fin the three caudal rays had a common medial, while the second 


and third rays also seem to have had a common small medial. 
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el be In S. microcephalus the anterior dorsal has 
rae... a strongly developed fingerlike spinal pro- 
\ a cess. The first basal is triangular; in three 

cases out of six it was more or less complete, 
truncated caudally. In these cases a second 

basal was present. The rays were for the 

most part regularly arranged. In one case a 

tendency to form a mosaic was obvious. In 

one case a small separate cartilage occurred 

in front of the spinal process. In the posterior 


73. Anterior dorsal fin of 


Pristiophorus japonicus 


dorsal the spinal process was more or less 
rudimentary, the first basal mostly truncated 
caudally and the radials not so regularly arranged as in the anterior dorsal. In 
two cases HELBING found a well-developed separate cartilage in front of the 


spinal process. 


k) Pristiophorus japonicus (fig. 73). The dorsal fin of this species has 


been described and illustrated by HeLpinGc and Mivart. The fins are ap- 
parently very much reduced, with one-, two- or three-jointed short rays, 
ged in well determinable parallel rays, especially in the anterior 
In the posterior dorsal the arrangement of the joints in the posterior 
part of the fin is somewhat irregular, forming a mosaic. According to these 
descriptions the fins of Pristiophorus should have been placed with the 
spineless fins but for the fact that I have found a rudimentary spine in one 
posterior fin at my disposal, so that they are here placed with the spiniferous. 
This spine is built up of a soft cartilage developed in the tough connective 
tissue at the anterior border of the fin. This spine and the foremost ray of 
the fin form a part corresponding to the spine and the foremost basal in 
other spiniferous fins. 

In Pristio phorus the rays are supported by, at the most, two broad and 
thin spinal processes of the vertebral column. 

In most cases the spine is not present and in such a case the fin answers 
well to a spineless fin, but the presence of the rudimentary spine places it 
in the neighbourhood of the squaloid fins. The anatomy of the skull, moreover, 
definitely indicates close relationship to the squaloids. 

Rhina (fig. 74), which is not closely related to Pristiophorus, displays a 

type of dorsal fin, in which, however, there is no trace of a spine 
The Khina fin must be considered a convergently developed Pristio- 
phorus-like fin. 

According to Harris (1938), the dorsals of Cladoselache have a finspine 
in some specimens, possibly only in the males. This spine is said to have been 
a superficial structure which did not have its basal part deeply inserted 


between the myotomes, thus behaving as in many squaloid dorsals. The occur- 
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rence of a spine in the oldest sharks 
known to have had fins is of very great 
importance, as it probably signifies that 
that condition is a very old characteristic 
in sharks. This assumption is confirmed 


by the occurrence of a spine in Ctena- 


canthids, Tristychids, Hybodontids and 
Heterodontids, which seem to have much Fig. 74. Anterior dorsal fin of Rhina 
in common, and in Squaloids. In these 
groups the spine is generally followed by a more or less triangular first basal, 
and one might feel inclined to believe that these two structures were of ancestral 
importance for all sharks. The precondition for such a hypothesis, however, 
would be that the triangular basal was not a functional structure essentially due 
to the grade of development of the spine. In the recent spiniferous sharks, the 
first basal is very variable. What is invariable, however, is the fact that if the 
one spine is stronger than the other, the basal belonging to the latter is cut off 
caudally, so that it becomes more or less quadrangular. The severed portion in 
such a case forms a second basal. This portion may be long or short. In the first 
case it may be divided into a number of basals, each carrying its ray or rays. 
In Acanthidium eglantina the first basal of the first dorsal is represented by 
a narrow strip of cartilage adjacent to the posterior border of the spine and 
with two rudimentary rays only, whereas in the second dorsal the first basal 
is triangular and probably carries 9 rays, of which the two first, corresponding 
to those in the first dorsal, are rudimentary. In Centrophorus sp. the first 
dorsal has a bigger spine than the second. The former fin has a triangular 


first basal carrying four broad rays. In the latter the first basal is cut off 


caudally, so that its remaining dorsal edge corresponds only to that part of 


the first dorsal on which the two first rays are implanted. A comparison of 
the other pairs of dorsals will demonstrate similar conditions. 

The number of rays on the first basal when triangular (not truncate 
caudally) shows great variability. In Acanthidium eglantina there are probably 
g rays present, in Centroscymnus only two, which are very broad. In Centro- 
phorus sp. there are 3 double rays, thus six, in Heterodontus japonicus 9-—-10 
and so forth. 

From the preceding examples it is obvious: 1. that the first basal is not 
comparable in the different fins, it may be composed of a very variable number 
of basals of simple rays. 2. that the first basal is very easily influenced by 
functional conditions and 3. that the shape and size of this basal is thus of 
no great phylogenetical importance. Furthermore, it seems possible to beliey 
that it arose independently along different lines of development; in order to 


meet functional demands from the spine. 
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The variability of the number of medials carried by the first basal depends 
partly at least upon longitudinal fusion of single rays, but it is not possible 
to determine in detail how many have fused in each case. In cases where a 
medial carries two small apicals, for instance, it seems fairly certain that two 
medials have fused, but in such a case as Centroscymnus, where the second 
medial has a very long upper margin but carries only two apicals, a very small 
and a very long one, it is not possible to determine how many single medials 
are fused to form this large medial. In the second dorsal in Etmopterus, which 
has a very long medial, answering to the second in Centroscymnus, this medial 
carries five small apicals, suggesting that it is composed of at least five medials. 
These examples show that it is impossible to conclude from the number of 
apicals (or medials) the number of single pieces present in supposed complexes 
of rays. I then thought that the number of rays might perhaps be determined 
by the number of muscles. 

The point of departure for such a hypothesis would be that in the primitive 
dorsal, consisting, according to FURBRINGER, of a number of more or less 
identically developed rays, each ray has its own muscle, as is the case, for 
instance, in galeoid sharks and in Notidanids. As through the development of 
a spine the fin became concentrated basally and the basals of the single rays 
were fused on to the great first basal, bundles of ray-muscles were fused 
basally, apically preserving their connection with the respective rays. Then 
the number of single rays could be determined by counting the muscles 
apically. But this theory does not work owing to a secondary splitting-up 
of the muscles into smaller unit. Such a division is particularly frequent 
in connection with the posterior end of the fin skeleton, where it carries 


the long horny rays which support the posterior flap of the fin. Moreover, 


in the anterior part of the fin, behind the spine, the muscles of the first 


are frequently, as for instance in the anterior dorsal in Squalus, 

up in eight to ten small bundles, in the posterior into 16 or more 
while other species have 2 (in the 2nd dorsal of Oxynotus) or 4 (in 
Etmopterus, Scymnodon). In Centrophorus sp., where the second dorsal 
has nine complete and independent rays behind the first basal, the number 
of muscles are the following: Ist to 12th medials respectively: 1, . i, 2,4 
2, 2, 3, 2, 3, 4—5. The 2nd and 3rd medials are broad and are probably formed 
by the fusion of two rays. The 4th is probably a half-ray belonging to the 
third. If these assumptions are correct, the average number may be considered 
to be two muscles on each ray. This doubling of the muscles is perhaps a 
consequence of the breadth of the rays. In this connection it may be pointed 
out that in Chlamydoselachus rays have been found with three bundles of 
muscles. In the posterior part of the fin, behind the anticlinal point, the muscles 
are parallel with the rays, but in front of that point they cross them at right 


angles. 
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Thus the number of muscles does not as yet give any answer to the question 
of the number of the rays included in the spiniferous dorsals. 

The splitting-up of the muscles is probably due in part to their superfical 
portions’ being inserted into the base of the horny rays of the fin, many such 
rays belonging to each skeletal ray. 

The spiniferous type of fin present in the first dorsalis of Acanthidium 
eglantina (and to some extent the second in Centrophorus sp.) is of a great 
interest, as it may help us to understand the relation between the spiniferous 
and the spineless type of dorsals. In Acanthidium the anterior spine is much 
weaker than the posterior and is not directly supported by the vertebral column. 
The tendency of the skeleton to split up into single rays is very obvious. Sup- 
posing that the spine became still further reduced the splitting-up process 
would be complete. Such is the case in Pristiophorus, where the reduction of 
the spine seems to be more or less complete. There the rays are all free, as 
in a spineless fin. The Pristiophorus dorsals compare very well with the 
spineless fin of Rhina, in which, as in Pristiophorus, the fin skeleton is sup- 
ported by two strong spinal processes of the vertebral column. There is cer- 
tainly, then, some means by which spineless types develop out of spine-carrying 
types. On the other hand, spiniferous types may have developed from spineless, 
though there is no known case in which such a trend of development is obvious 
or even suggested. 

In Scymnorhinus lichi the spine is strongly reduced or has completely disap- 
peared. In the first dorsalis, where the spine is sometimes at least, still present, 
the general spinacid type of fin may be present, but in the posterior fin two, 


three or four basals may be developed, i. e., the fin has, as in Centroscymnus 


and in Centrophorus sp., a posterior portion of at least three rays. These rays, 


however, tend to form a mosaic of cartilaginous pieces. Similar conditions 
are met with in Somniosus. In Scymnorhinus and Somniosus, contrary to the 
first dorsal in Acanthidium, the first basal is preserved as a big plate, truncated 
caudally. This example shows that the reduction of the spine may have two 
different results: 1. splitting up the first basal and 2. preserving the first 
basal. The first possibility may be that existing in galeoid sharks, the second 
in notidanids. 

Concerning the first possibility, it must be emphasized that it is somewhat 
doubtful, as there is also another way in which the galeoid type of dorsale 
may have developed, viz., from a condition such as that in Pleuracanthids, 
which had a continuous fin fold along the entire dorsal midline. This fold 
contained a dense row of 3-jointed narrow rays, like those in Galeoids. This 
continuous dorsal band was broken up into two dorsals, the intermediate 
portions being reduced (FURBRINGER). The reason why I do not accept this 


very reasonable theory without reservation is that, according to my investiga- 
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tions, the skull of the galeoids has so much in common with that of Hetero- 
dontus, in which the dorsals are strongly spiniferous, that it is impossible to 
doubt their near relationship. There is, moreover, no reason for believing that 
the Pleuracanthids had anything to do with the development of modern sharks. 
In Cladoselache — a relative of the recent Chlamydoselachus — two well- 
separated dorsals were already present. A spine existed there also, at least 
occasionally. 

On the other hand, it must be mentioned that the ontogenetical development 
of the dorsals is different in galeoids and in squaloids. In both cases the fin 
skeleton begins with a stage at which the fin fold is filled up with a continuous 
mesenchyma. In this mesenchyma prochondrial stripes — the rudiments of 
the rays develop in the galeoids (BALFour, DoHRN, MAYER nach Bravus 
in Hertwic’s Handbuch). In Etmopterus, according to BrRAus (1904) and 
to my own investigations, the spine and the first basal have separate rudiments. 
To the latter is added a common rudiment of the rays (Braus). The dif- 
ference in development may indicate a difference in origin, though it does 
not exclude the idea of a common spiniferous origin of the two types of fins. 
Further embryological investigations into other representatives of Squaloids 
are necessary to enable us to decide this question. 

The dorsal fin of Chlamydoselachus is spineless, and this species should 
therefore possibly be grouped with the galeoids. But in the Chlamydoselachus-fin 
the two parts of the fin, the anterior portion and that posterior to the anteclinal 
point, are unique and undoubtedly needs some explanation. The following 
explanation seems to be just possible. 

THACHER (1877) and FURBRINGER occasionally found one or two rudimen- 
tary rays in front of the anterior spine in the first dorsal, and MAyer and 
FURBRINGER found three in front of the spine of the second dorsal in Squalus. 
In the anterior dorsal I have never met with prespinal rays, but in the posterior 
dorsal | have found three or four. In the adult second dorsal the posterior 


of these prespinal rays, a big triangular plate, was placed with one side along 


the spine and consequently with one angle directed ventrad. This angle rests 
against a small separate cartilage, so that the ray in question is two-jointed. 
In Mayer’s specimen this basal joint was absent, but there was instead a 
small apical joint. The large triangular plate forms a very effective frontal 
support to the spine. In front of this large plate lies a ray with two very small 
j01 i of these a small triangular plate. In MAyER’s specimen 
the second ray was approximately quadrangular, but 

and the first a small piece lying close to the verte- 

bral column. In an advanced embryo of Squalus acantiias, in which four 
prespinal rays were present, the three anterior of them were directed vertically 


bral column, whereas the fourth had a slight dorsocaudal direction. 
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m followed the direction of the spine or the postspinal rays. 
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There may thus be an anticlinal point in front of this spine, which might 
perhaps be compared with that in Chlamydoselachus. If this were really the 


case the Chlamydoselachus-dorsal could possibly be a secondary spineless fin. 


Phylogenetically such a theory would satisfactorily account for the presence 


of a spine in Cladoselache, the Devonian shark, which undoubtedly had some 
kinship with Chlamydoselachus. 

The notidanid dorsal has no spine and was consequently classified among 
the spineless fins. But the conditions in Scymnorhinus and Somniosus indicate 
that the notidanid type might very well be derived from a spiniferous one. 
The following evidence may be brought in favour of this possibility. In the 
dorsals of Somniosus microcephalus a more or less developed spine process 
seems to be invariably present. But, in addition to this process, in two cases 
a separate cartilage occurs in front of the process (HELBING, 1904). This 
cartilage undoubtedly corresponds to one of the prespinal rays in Squalus. In 
the first dorsal (Somniosus rostratus) two small cartilages were present in 
two cases, dorsal to the ploughshare-like anterior prolongation of the first 
basal. In one of these two cases a very rudimentary spine-process occurred 
in front of the two cartilages, in the other the highest point of the plough- 
share lay between the cartilages. In the posterior dorsal of the same species 
one or two cartilages lie in front of the basal, and the spine process is absent. 
These instances show that in Somniosus three fin elements may be present 
in front of the first basal. 

In an advanced embryo of Heptanchus and in fins illustrated by Mivart, 
and Mayer the anterior end of the basal is somewhat narrower than the rest. 
This end is in some cases cut off, forming one or two separate cartilages 
(Mivart, Mayer, FURBRINGER). These anterior parts of the basal generally 
carries three rays, which may correspond to the anterior cartilages in Som- 
niosus. Which of the rays in Heptanchus corresponds to the spine cannot 
possibly be ascertained so long as the ontogenetical development of the He pt- 
anchus fin is not known. The posterior ’’basal” of the Hepthanchus fin is a 
second basal, probably roughly answering to the second basal in Squaloids. 
(In Hexanchus a second and a third basal are present, as in the posterior in 
Scymnorhinus). The splintershaped ray in the Notidanids (not present in the 
embryo) is represented in Oxynotus by an ovoid cartilage lying below the 
second basal in both dorsals and by the very narrow splintershaped element at 
the ventral end of the first dorsal in Centrophorus sp. 

This idea of the notidanid dorsal being derived from a spiniferous fin type 
is in full accord with the very well-founded theory of its near relationship 
with the spiniferous squaloid sharks. 

The preceding discussion thus leads us to the conclusion that the dorsals 


of the recent sharks originally had a spine, and that all spineless types may 
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be secondary.’ Our knowledge of the Galeoids and of Heterodontus may thus 
indicate that the disappearance of the spine in Galeoids has not affected the 
morphology of the skull, this being very similar in Galeoids and Heterodontus. 

The investigations in the dorsal fins of different types recorded in the 
preceding pages do not affect the diagram of the relationship between the 


selachian families given on p. 79. 
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EXPLANATION OF LETTERINGS. 


foramen for the anterior cerebral vein i.vert.a., foramen for intervertebral artery. 
ampullar foramen. jug.v., foramen for jugular vein. 
antorbital cartilage. lab.c., labial cartilage. 
antorbital process. l.c.or Le., lateral commissure. 
antorbital cartilage. l.c.c., lateral commissure cartilage. 
foramen for arteria phthalmica md., mandible. 
nasal capsule 
irt.pq., articular facet for tl “otic pro- f., foramen for nerve. 
cess” of the palatoquadrate. u.k., nasal capsule 
B.c., Basalecke’’. foramen for orbitonasal vein. 
facet for the orbital process Op.VII., foramen for n. ophthalmicus super- 


foramen for dorsal branch of ficialis VII 


| 
foramen for dorsal branch of 3 ypt., foramen for optic nerve 


ull., bulla auditiva ‘-b.a., foramen for orbital artery (carotis 
carot., foramen for arteria carotis interna. externa). 
carot.com., foramen for arteria carotis com t.c., otic canal 

munis. pal. and pal.n., foramen for palatine nerve. 
k., cartilage nucleus pect.f., pectoral fin 


d.end., foramen for ductus endolymphaticus.  pf.c., prefacial commissure 
AY 


ect.ch., ectethmoid chamber. pit 


v., foramen for pituitary 
ect.et., ectethmoid process. po.pr., postorbital process 
ect.p., ectethmoid process. postot.p., postotic process and foramen. 
end.f., endolymphatic fossa. q., palatoquadrate 
Ep.and ep., epiphysial foramen. .f., precerebral fossa 
e.st., eye-stalk. pref.c., prefacial commissure. 
foramen for ethmoid nerve. pr.f.f., prefrontal fontanella. 
fenestra. ro.c., preorbital canal. 
basicranial fenestra prof., foramen for profundus nerve. 
hyp., hypophysial fenestra ».s.b., foramen for pseudobranchial artery. 
font.n., nasal fontanella R., rostrum. 
f.vest., fenestra vestibuli rost.ap. and rostr.ap., rostral appendix. 
hmVII., foramen for n. hyomandibularis  spir., spiracular cartilage 
VII. v.c.p., foramen for posterior cerebral vein. 
hm.d., hyomandibula II., foramen for n. opticus 


IIT., foramen for n. oculomotorius. 
IV., foramen for n. trochlearis 
foramen. V., foramen for n. trigeminus. 
1 groove. VI., foramen for n. abducens. 
anticlinal point VII., foramen for n. facialis. 
IX., foramen for n. glossopharyngeus. 


X., foramen for n. vagus. 
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UBER EXPERIMENTELL HERVORGE- 
RUFENE ,,RIESENRICHTUNGSKORPER- 
SOWIE BEMERKUNGEN UBER 
DAS OVARIALEI DES SEEIGELS STRON- 
GYLOCENTROTUS DROEBACKIENSIS 
VON 
FeR BRIC LBINDAHL 


(Aus Wenner-Grens Institut fiir Biologie der Universitat, Stockholm, und 


Kristinebergs zoologischer Station.) 


EINLEITUNG. 


Mark (1881) machte als erster geltend, dass die Richtungskorperchen als 


kleine, nicht funktionierende Eier anzusehen sind. Diese Auffassung wurde 


spater von BUTSCHLI (1885) hervorgehoben und ist wohl jetzt allgemein aner- 


kannt. Unter anderem wird sie durch die Tatsache gesttitzt, dass ibernormal 
grosse Richtungskorperchen entstehen konnen, die befruchtungs- und ent- 
wicklungsfahig sind (FRANCOTTE 1897, WILSON 1925, CLEMENT 1935, LIN- 
DAHL 1937). 

Die Richtungsteilungen sind stark inaquale Teilungen, die bei den meisten 
Tieren zu ganz winzigen Zellen fiihren. Die Natur der Krafte, die diesen 
ungeheuren Grossenunterschied und das Abschntren der Richtungskorperchen 
gerade an dem animalen Pole bewirken, sind bis jetzt nicht naher bekannt. 
Fur viele Objekte liegen Berichte uber Versuche vor, in denen ubernormal 
grosse Richtungskorperchen mit verschiedenen Mitteln hervorgerufen worden 
sind. Vor allem wurde dies durch mechanische Beeinflussung der reifenden 
Ovozyten, wie durch Zentrifugierung oder Pressung, erreicht. In vielen Fallen 
zeigen diese Versuche, dass die Teilungsfigur die Keimzellen zur Furchung 
veranlassen kann, auch wenn sie von der Oberflache verlagert worden ist. 
Aus rein raumlichen Grunden wird eine solche Furchung aqual oder viel 


weniger inaqual als normal. Versuche dieser Art erlauben aber meistens keine 
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Schlussfolgerungen tiber die obengenannten Krafte, die den charakteristischen 
Verlauf der Richtungsteilungen bestimmen. 

Auch mit chemischen Mitteln sind ubernormal grosse Richtungskorperchen 
erzielt worden (DaLtco 1924), und zwar bei Asterias glacialis. Es handelt 
sich hier um die Einwirkung ,,unbalancierter“‘ Salzlosungsgemische, in denen 

1d Mg-lonen im Uberschuss vorhanden sind. Einen ahnlichen Effekt 

Behandlung mit verdunntem Meerwasser, und DAatLcg spricht 

von einer ,,Depolarisation’’ der Ovozyten, da die Richtungskorperchen nicht 

mehr polar gebildet werden. In gewissen Fallen kann hier das vegetative Plasma 
mehr oder weniger vollstandig durch eine Furche abgetrennt werden. 

Fur Seeigel sind ubernormal grosse Richtungskorperchen zuerst von L1n- 
DAHL und RUNNsTROM (1929) beschrieben worden, und zwar bei einem be- 
sonderen Typus von Psammechinus miliaris, der an der schwedischen West- 
kuste an einem Standort mit h6herem Salzgehalt lebt, als der, dem die Art 
in diesem Gebiet sonst angepasst ist. In extremen Fallen verlauft die zweite 
Richtungsteilung derart, dass zwei gleich grosse Zellen entstehen. Solche ,,Dop- 
peleier‘, die befruchtet werden konnten und auch entwicklungsfahig waren, 
wurden von LinpanL (1937) fiir Arbacia pustulosa beschrieben. Auch hier gab 
es alle Zwischenstufen zwischen Richtungskorperchen normaler Grosse und 
solcher von der Grosse eines halben Eies. Hier konnte mit Hilfe der Mikropyle 
festgestellt werden, dass die Richtungsspindel, die normalerweise in Richtung 
der Eiachse steht, mit zunehmender Grosse des Richtungskorperchens einen 
immer grosseren Winkel mit der Ejiachse bildet. Die Scheidewand, die die 
beiden Halbeier in einem ,,Doppelei’ trennt, stand somit in allen untersuchten 
Fallen meridional. Als Grund des anormalen Verlaufes der Richtungsteilungen 
wurden hier irgendwelche unbekannten hydrographischen Verhaltnisse des 
Fundortes angenommen. 

In dem Seeigelei wie in den meisten anderen Eiern entsteht die verhaltnis- 
massig grosse Richtungsspindel bei der Auflosung des Ovozytenkernes in 
einiger Entfernung von der Oberflache, in grésserem oder kleinerem Winkel 
zur Ejiachse. Sie wird dann zu der Oberflache des animalen Pols transportiert 
und erfahrt dabei 1) eine Drehung, sodass ihre Achse mit der Ejiachse zu- 
sammenfallt, 2) eine Verkurzung, wobei gleichzeitig die Spharen an Grosse 
abnehmen. 

Die Richtungsteilungen zeigten grosse Ubereinstimmung mit den Teilungen, 
die zur Entstehung der Mikromeren und der kleinsten Mikromeren fuhren. 
Auch hier findet ein Transport der Spindel zur Oberflache hin statt und gleich- 
zeitig hiermit eine Verminderung ihrer Lange und ein Kleinerwerden der 
Spharen, was alles bei der Entstehung der kleinsten Mikromeren am ausge- 


pragtesten ist. Man kann mit RUNNsTROM (1928) die Drehung der Furchungs- 


spindel bei der 3. Teilung in Zusammenhang mit den Vorgangen bei den 
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Mikromerenteilungen setzen. Aber auch sonst findet eine Drehung der Spindel 
bei der Mikromerenteilung statt. Bei der 3. Teilung stehen namlich die Spindeln 
mit der Eiachse parallel, bei den Mikromerenteilungen bilden sie dagegen mit 
dieser einen Winkel, indem das vegetative Zentrum der Eiachse viel naher 
kommt als das animale. Diese Ubereinstimmung fithrte LinpANL (1937) zu 
der Vermutung, dass derselbe Mechanismus die stark ausgepragte Inaqualitat 
dieser Furchungen bedingt. Mehrere Tatsachen sprechen dafiir, dass die 
normal im Seeigelei vor sich gehende Mikromerenbildung durch lokale Ver- 
dichtungsvorgange der vegetativen Rinde bedingt ist, eine Auffassung, die 
zuerst von RUNNSTROM (1928) ausgesprochen wurde: 1) Verdichtete Partien 
der Ejirinde haben die Fahigkeit, die Spharen und die Spindel an sich zu 
ziehen (K-Ionenmangel, RUNNSTROM 1925; Behandlung mit KCN, FOrsTER 
und OrstrOM 1933; hohe Konzentrationen von Li-Ionen, LiINDAHL 1936), 


2) Vorbehandlung vor der Befruchtung mit quellend wirkenden Ionen (SCN’, 


J’, LinpAHL 1936) verhindert die Entstehung von Mikromeren, 3) Ent- 


sprechende Vorbehandlung mit verdichtend wirkenden Ionen (SO,”, LINDAHL 
1936) bewirken unternormale Grosse der Mikromeren. Bei Ausbleiben der 
Mikromerenbildung kann eine ahnlich wirkende Behandlung nach der Be- 
fruchtung mit Li’ (LINDAHL 1936) zu der Entstehung von Mikromeren nor- 
maler Grosse fuhren. 4) Die Mikromeren, vor allem die kleinsten, zeigen an 
Schnitten bei geeigneter Differenzierung wie die Strahlungsfibrillen starkere 
Farbung mit Heidenhainschem Eisenhamatoxylin als die tbrigen Zellen des 
Keimes. Die kleinsten Mikromeren sind stark lichtbrechend und machen den 
Eindruck, weniger deformierbar zu sein (LINDAHL 1936). Schliesslich sind 
die Mikromeren viel widerstandsfahiger gegen Hypotonie, Warme und Alko- 
hol als die ubrigen Blastomeren (HOrstaptus und STROMBERG, 1940). Samt- 
liche unter 4) aufgezahlten Tatsachen deuten auf eine dichtere und festere 
Struktur der Mikromeren als die der tibrigen Blastomeren, die eben durch eine 
Verdichtung zustande gekommen sein muss. 

Von diesen Uberlegungen und der grossen Ubereinstimmung zwischen 
Mikromeren- und Richtungskorperbildung ausgehend habe ich versucht, tber- 
normal grosse Richtungskorperchen durch Behandlung mit quellend wirkenden 
lonen (SCN’, J’) in kalziumfreiem Meerwasser zu erhalten. Die Versuche 
wurden mit Material von Paracentrotus lividus in Roscoff ausgefuhrt. Die 
Ovocyten wurden sofort nach der Entnahme aus den Ovarien in die Behand- 
lungsflussigkeit uberfuhrt, wo viele die Reifungsteilungen in Laufe von 3—4 
Stunden durchmachten. In samtlichen Fallen entstanden Richtungskorperchen 
von normaler Grosse. Die Behandlung war also ohne Einfluss, vielleicht in- 
folge zu kurzer Behandlungsdauer. Auch konnen die Plasmakolloide sich 
quellend wirkenden Agentien gegenuber anders vor als nach der Reifeteilung 


verhalten. 
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DIE EINWIRKUNG ERHOHTER TEMPERATUR 
REIFETEILUNGEN. 


) zeigte, dass erhohte Temperatur die Bildung von Mikro- 
teilweise hemmt. Es lag somit an der Hand, die Wirkung 
Temperatur auf die Reifeteilungen zu untersuchen. Hierfiir benutzte 

1 von Strongylocentrotus droebackiensis, einem Seeigel, der in den 

inneren Meerbusen der Westktiste Schwedens haufig ist. Die Untersuchung 
im Winter 1940 ausgefuhrt. Die 


Falle 


In Zu sichern, wurden etwa 


wurde an Kristinebergs zoologischer Station 
benutzte Art wird hier Mitte bis Ende Februar laichreif. Um auch im 


von Eisbelegung der See den Zugang zu Seeige 
100 Stuck Tagen des Februar gedretscht und in einem Korb in 


Stationshafen aufbewahrt. Eine Untersuchung der 
in keinem Fall reife Eier. Einige Tage spater 


See zu. Die Temperatur hielt sich in der Wasserschicht, in der die 
gel aufgehoben wurden, auf etw; 1.7°. Hier ging nun die Reifung vor 
denn die jeden zweiten Tag fortlaufend ausgeftthrten Untersuchungen 
rien zeigten eine langsam zunehmende Anzahl Tiere mit kernreifen 
die sich allerdings nur in Ausnahmefallen befruchten liessen. 

Handhabung der Tiere, Ovarien und Ovozyten geschah in einem Zim- 
von 8° Temperatur, wo auch ein grosses Gefass mit Meerwasser von 
der Tiere aufgestellt war, d: mit dieselbe Temperatur ange- 
hatte. S. RUNNsTROM (1927) bestimmte namlich (ftir die Gegend 


nommen 
1 der sich die E1er von Strongylo 


von Bergen ie hochste Temperatur, be 
noch normal entwickeln konnen, auf —-- 11 

Zeitpunkten wurden Weibchen gefunden, deren Ovarien 

grosse Mengen Ovozyten erster und zweiter Ordnung in Reduktionsteilung 

enthielten. Nach einigen Vorversuchen zur QOrientierung tiber geeignete Ver 


suchstemperaturen und Behandlungszeiten war festgestellt worden, dass eine 
das Material so weitgehend beschadigt, dass Teilungen 


sich gehen konnen. Bei 15° finden Richtungsteilungen statt, 
aber wesentlich langsamer als normal, weshalb hier die Behandlung 
uber eine langere Zeit ausgedehnt wird; die Teilungen sind dann grosstenteils 
abgeschlossen, wenn die Zellen wieder auf 8 


Temperatur hervorgerufenen Veranderungen sind namlich innerhalb 


zuruckgefuhrt werden. Die durch 


erhohte 
r Grenzen reversibel (EPHRUSSI, 1925, 1933, HORSTADIUS 1925). 


gewisse! 
Die hier mitgeteilten Beobachtungen sind an einem Material vom 14. II. 


1940 gewonnen. Bei dem Durchmustern der aufgeschnittenen Tiere wurde ein 


Ovarium gefunden, das viele Ovozyten in der ersten und vor allem in der 


1 Der Leitung der Station, Herrn Prof. Dr. E. Lonnberg und Herrn Dr. G. Gustafson, 


danke ich fur freundliche Unterstutzung meiner Arbeit. 
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zweiten Richtungsteilung 
enthielt. Das Ovarium 
wurde mit einer Schere in 
kleinere Stticke  zerteilt 
und diese zusammen mit 
den ausgequollenen Zellen 
in kleine, dtnnwandige, 
mit Deckeln  versehene 
Schalen tberfihrt. Einige 
Schalen wurden sofort in 
Zimmer mit 12 bzw. 15° 
Temperatur gestellt, andere 


wurden zur Kontrolle bei 


8° gelassen. Hier verlie- 


fen die Richtungsteilungen 


uberall normal. In dem e 


12° Raum blieb das Ma- 
\bb. 1. Eier von Strongylocentrotus droebackiensis mit 
1. (Ri) und 2. (Re) Richtungskorpern. Reifeteilungen bet 
3 Stunden. Es wurde dann 12°. Bei e 2. Richtungskorper und Eizelle von gleicher 
Grosse. 200/1 


terial 1% Stunden, bei 15° 


wieder auf 8° zurtickge- 
fuhrt, die ausgequollenen Ovozyten und Eier untersucht und die Ovarienstucke 
mit Bouinscher [lissigkeit fixiert. Abb. 1 zeigt das Endergebnis einiger von der 
Norm abweichender bei 12° abgelaufener Reduktionsteilungen. Die verschie- 
densten F alle dieser Art waren sehr haufig. Ein Stehenbleiben einer Teilung 
auf Grund der hohen Temperatur wurde nie beobachtet. Bei a findet sich ein 
erstes Richtungskorperchen (R,) von normaler Grosse.t In den ubrigen abge- 
bildeten Fallen ist der erste Richtungskorper vergrossert, weniger in b und c¢, 
mehr in d und e. Falle wie b und ¢ waren ubrigens sehr haufig. Typisch ist die 
spitze und etwas langliche Form des massig vergrosserten ersten Richtungs- 


korperchens (Abb. 1 b, d, vgl. auch Abb. 2 a, c, d). Es ist bemerkenswert, dass 


es bei gentigender Grosse die Gelhulle rings um den Michropylkanal von der 
[ioberflache abheben kann, wie Abb. 1 d zeigt. Eine Teilung des ersten Rich 
tungskOrperchens hat hier stattgefunden. Der zweite Richtungskorper ist 
weniger vergrossert als der erste und ist in einiger Entfernung von dem ani- 
malen Pol entstanden, wie es derart nur in diesem einzigen Falle beobachtet 
wurde. Abb 1 e zeigt einen stark vergrosserten ersten Richtungskorper. Bei der 
zweiten Richtungsteilung ist der Zellkorper dann in zwei etwa gleich grosse 
Zellen geteilt worden. Obwohl ein sehr grosses Material durchmustert wurde, 
konnten hier keine anderen Falle dieser Art gefunden werden. 

1 Dass es sich hier und in ahnlichen Fallen um den 1. und 2. Richtungskorper handelt 
und nicht um einen zweigeteilten 1. Richtungskorper, geht aus der Kleinheit des Eikernes 
hervor. 
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Ro Die grossen Kerne in den zweiten 
Richtungskorpern auf Abb. Ia und c 
sind in entsprechenden Fallen sehr oft 
beobachtet worden. Auch Epnrussi 
(1933) berichtet tber sehr grosse 
Kerne, die nach Erwarmung in der 
Telephase bei der Rekonstruktion 
entstehen. Die Frage steht offen, 
warum diese grossen Kerne nur in 
den Richtungskorpern und nicht auch 
in den ,,Eiern‘“’ gefunden werden. 

Bei 15° entstanden ausser solchen 

Fallen, die in dem 12°-Ansatz haufig 

waren, mehrere ,,Doppeleier“. Hier 

verlief die Teilung im Gegensatz zu 

C der, die zu massig vergrosserten Rich- 
I 


tungskorperchen fuhrt, sehr verlang- 


1 
Abb. 2. Eier von Strongylocentrotus droe- 
te (Rs) Rich- samt. Der in Abb. 2b w iedergegebene 


backiensis mit 1. (Ri) und 2. 
tungskorpern. Reifeteilungen bei 15°. Bei c Fall wurde erst in diesem Stadium 
2. Richtungskorper und Eizelle von gleicher 
Grosse. Bei d 2. Richtungsteilung unvoll- 
standig. Die Pfeile zeigen die Einschnu- hier nichts geschlossen werden. Bei 

rungsrichtung der Furchen. 200/1. 


beobachtet. Uber die Polaritat kann 


c und d derselben Abbildung wird der 
animale Pol durch den ersten Richtungskorper markiert. In diesen beiden 
Fallen fand die Einschnuirung der Furche erst nach dem Zuruckfthren auf 
8° statt, und zwar fing dieser Vorgang an dem animalen Pol an und setzte sich 
langsam gegen den vegetativen hin fort. Bei dem als Abb. 2 d dargestellten 
Kall war die Durchteilung fast vollkommen durchgefthrt, als die TI urche 
anfing, sich wieder zuruckzubilden. 

Es wurde nicht versucht, diese Riesenrichtungskorperchen und ,,Doppeleier“ 
zu befruchten, da sich schon die unter normalen Bedingungen gereiften [ier 
nur in Einzelfallen befruchten liessen. Es handelt sich offenbar hier um eine 
deutliche Plasmaunterreife (uber Literatur s. LINDAHL und RUNNSTROM 1929) 
am Anfang der Geschlechtsperiode. 

Wie die Lebenduntersuchung zeigt auch die Schnittuntersuchung viel extre- 
mere Verhaltnisse nach Behandlung mit 15 als mit 12°. Ich beschranke mich 
deswegen hier auf Schnittabbildungen des bei der hoheren Temperatur be- 
handelten Materials. Die 5 u dicken Schnitte sind mit Heidenhainschem Hama- 
toxylin gefarbt. Schwer hervorzuhebende Einzelheiten sind in die photo- 
graphischen Aufnahmen eingezeichnet. 

Das Ovarialei des Seeigels ist wie von JENKINSON (1911) und LINDAHL 
(1932) gezeigt ist im Gegensatz zu der Auffassung BovertIs mit dem 


vegetativen Pol an der Ovarialwand befestigt. Das Ausstossen der Richtungs- 
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Abb. 3. Reifeteilungen bei Strongylocentrotus droebackiensis bei 15°. Ow Ovarialwand. 
Die vier Falle sind nach zunehmender Wirkung der erhohten Temperatur geordnet. In d 
unten kleine Cytasteren. 420/I1. 


korper findet also bei wandstandigen Eiern an dem freien Ende des Eies 
statt (vgl. Abb. 3a). Fur solche Eier konnen wir mit ziemlicher Sicherheit 


die Lage des animalen Poles feststellen. — Mit dem Eintritt der Metaphase 


liegt die Richtungsspindel normalerweise so weit animalwarts verschoben, dass 
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\bb. 4. Zwei Schnitte durch ein Ei von Strongylocentrotus droebackiensis mit 1. (R1) 
und 2. (Re) Richtungskorpern. Plasma von zahlreichen Fibrillen durchzogen. Richtungs- 
teilung bei 15°. 420/1. 
sich das eine Zentrum in unmittelbarer Nahe der Oberflache befindet. Als 


Folge der erhohten Temperatur findet man oft die Spindel in Telophase oder 


spateren Stadien entweder in normaler Lage, aber mehr oder weniger gestreckt 


(Abb. 3a) und mit vergrOsserten Spharen (Abb. 3b) oder in grosserer Ent- 
fernung von dem animalen Pol und der Ejioberflache gelegen. Abb. 3 ¢ zeigt 
etwa in der Mitte der Zelle eine Richtungsspindel in friuher Anaphase. Da 


sich diese Zelle frei 1m Ovar befindet, ist nichts uber die Polaritat hier bekannt. 


5. Durch erhohte Temperatur (15°) wahrend der Richtungsteilungen stark vakuoli- 
sierte Eier von Strongylocentrotus droebackiensis. Ow Ovarialwand. Plasma von Fibrillen 
durchzogen und stark gegen die Rinde verdichtet. a Furchung unvollstandig, b ein Segment 

als Riesenrichtungskorper abgefurcht. 420/1. 
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In Abb. 3d finden wir eine spate 
Anaphase. Die kurze Spindel liegt 
etwas animalwarts vom Eiaquator 
und bildet einen Winkel von etwa 
45° mit diesem. 

Abb. 4 und 5 zeigen das Ender- 
gebnis einiger derartiger Teilungen. 
Abb. 4 stellt zwei Schnitte durch 
ein und dasselbe ,,Doppelei dar, 
die so ausgewahlt worden sind, dass 
die beiden Eikerne getroffen werden. 
Der animale Pol wird durch den 
ersten Richtungskorper markiert, der 
sich geteilt hat. Interessant ist, dass 
auch diese Teilung inaqual verlaufen 
ist, und dass die kleinere Zelle dem 
animalsten Teil der grdsseren auf- Abb. 6 Ei vou Sivengylocentrotus. droe- 
sitzt (vgl. hierzu auch Abb. 1 d). — backiensis, wahrend der Reifeteilungen bei 


15° gehalten. Plasma enthalt zahlreiche 


Der zweite Richtungsk6rper ist be- 
ew eite tungskorper ist De Cytasteren. 420/'1. 


deutend kleiner als die Eizeile. Die 

l‘urche zwischen beiden steht etwas schief latitudinal. Dies dirfte in einer lang- 
gestreckten Form der ursprunglichen Ovozyte begrtndet sein, eine Form, die 
auch noch nach der Teilung zu erkennen ist. Bei der ersten Teilung befruch- 
teter Seeigeleier bewirkt bekanntlich eine gestreckte Form des [ies die Ein- 
stellung der Spindel in die Streckungsrichtung. — In der in Abb. 5a dar- 
gestellten Eizelle finden sich zwei Kerne. Eine Furche hat von dem animalen 
Pol aus eingeschnitten und den Zellkorper halbwegs durchteilt. Abb. 5 b zeigt 
einen Schnitt durch ein Ei, dem eine spharische Kalotte als grosser Richtungs- 
korper abgeschnitten ist. Der Kern liegt hier unmittelbar an der Oberflache, 
offensichtlich durch ein linsenformiges Gebilde stark verdichteten Plasmas an 
der Rinde verankert. 


Durch die Schnittuntersuchung konnte keinerlei Veranderung der proto- 


plasmatischen Struktur an dem mit 12° behandelten Material festgestellt wer- 


den. Das mit 15° behandelte zeigt indessen auffallige Storungen. So treten 
oft stark farbbare fibrillenahnliche Strukturen auf, die entweder als Cyt- 
asterent angeordnet sind (Abb. 3 c und 6) oder gewisse Gebiete des Zytoplasmas 
in mehr oder weniger ausgesprochener Parallelorientierung durchziehen (Abb. 
4 und 5). Manchmal hat auch eine auffallige Verschiebung der im Schnitt 
sichtbaren Plasmakomponenten aus den zentralen Gebieten der Zelle in Rich- 

1 Cytasteren sind als Folge erhohter Temperatur bei dem Seeigelei Paracentrotus 


lividus von EpHRUSSI (1923, 1933) und bei dem Sabellarta-Ei von FAURE-FREMIET (1924) 
beschrieben worden. 
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tung der Rinde hin stattgefunden (Abb. 5b). Es muss sich hier um eine 


Wasserverschiebung handeln, die zu einer Art Vakuolisierung fuhrt. 


DISKUSSION. 


vach S. RuNNstROM wird die Entwicklung von Strongylocentrotus droe- 
kicnsis bald abnorm, wenn die Temperatur langere Zeit 11° ubersteigt. Die 
ten Versuche zeigen, dass auch die Richtungsteilungen bei einer 

Temperatur als 11° nicht normal verlaufen. 
smein bekannte Tatsache, dass der Kernteilungsmechanismus gegen 
ische und physikalische Agentien weniger empfindlich ist als der Plasma- 
durchschnurungsmechanismus war schon DEMooR (1895) bekannt und ist spater 
wiederholt von verschiedenen Verfassern beschrieben worden (altere Literatur 


bei WILson, 1925, S. 175). Dieses verschiedene Verhalten von Kern und 


Plasma ist fur das Ei von Paracentrotus lividus von Epurussi (1924) und 
HORSTADIUS (1925) und zwar bei hohen Temperaturen demonstriert worden. 
Noch empfindlicher als der letztgenannte Mechanismus ist aber der, der die 
gewisser Teilungen bedingt. Dies zeigen ftir die Mikromeren- 
Versuche von Driescu (1893) und fur die Richtungsteilungen die 
Versuche. Die Empfindlichkeit gegen erhohte Temperatur 

umt also nach der Reihe Kernteilung < Plasmateilung < Inaqualitat zu. 
Es wurde schon fruher (LINDAHL 1936, S. 257—258) hervorgehoben, dass 
die kleinsten Mikromeren den Eindruck machen, weniger deformierbar als 
andere Zellen zu sein; sie flachen sich auch lange nach ihrer Entstehung nicht 
‘re Zellen ab und fugen sich in den epithelialen Verband nicht ein. 
tet auf eine festere protoplasmatische Konsistenz. Ahnliches gilt fur 
Richtungskorperchen und fur die wenig vergrosserten nur aus 
Material bestehenden. Die normalen Richtungskorperchen 
flachen sich gegen die Eier sehr wenig ab. Die spitze und oft stark ausgezogene 
Form der wenig vergrosserten Richtungskorperchen (Abb. I—2) konnte kaum 
bestehen bleiben, wenn sie nicht durch eine besonders steife Struktur aufrecht 
erhalten wurde. Zum Teil beruht dies wohl auf der Faserstruktur, die durch 
die Spindelfaser entsteht. Sind die Richtungskorper aber grOsser, sodass die 
trennende Furche sich in grosserem Abstand von dem animalsten Material 
so flachen sie sich gegen die Eizellen ab. Besonders interessant ist 
Gesichtspunkt aus betrachtet der in Abb. 1 d dargestellte Fall. Der 
t stark gestreckt 


lie Eioberflache mit einem spitzen Ende; der zweite, der in 


Scheibe auf der Eioberflache aus. 
der Einleitung auf die orientierende und anziehende Wirkung 


Rindengebietes auf die Furchungsspindel bei den Mikromeren- 
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einiger Entfernung von dem animalen Pol abgeschnurt ist, breitet sich dagegen 

Es wurde in 
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teilungen hingewiesen. Ich habe (LINDAHL 1936, S. 260) frither darauf auf- 
merksam gemacht, dass die Grosse der Sphdren bei einer inaqualen Teilung 
von entscheidender Bedeutung ist, da sie im Augenblick der Durchschniirung 
kleiner sein miissen als die kleinere der beiden kiinftigen Zellen. Als weiteres 
Moment kommt ferner hinzu, dass auch die Lange der Spindel von bedeutung 
ist, da die Furche die Spindel in der Mitte zwischen den beiden Zentren durch- 
schneidet (CONCLIN 1917). 

Es lasst sich nun zeigen, dass die Ausbildung der Strahlung wie die Grosse 
der Spharen sowohl von dem Hydratationszustand der Plasmabestandteile wie 
von ihrer Verteilung in der Zelle abhangt. Schliessen wir uns der Auffassung 
FREY-WySSLINGs (1938) uber die submikroskopische Struktur des Zytoplasmas 
an, so besteht diese aus einem feinen Molekulargeriist aus Polypeptidketten, 
die durch Haftpunkte verschiedener Art verknupft sind. Die Haftpunkte 
werden fortwahrend umgebaut ein grundlegender Unterschied gegentber 
toten Gelen. Fur die Rinde des Seeigeleies liegen mehrere Angaben vor, die 
auf eine wesentlich hohere Viskositat als in dem Eiinneren schliessen lassen 
(RUNNSTROM 1928, LINDAHL 1932, HOWARD 1932, MOTOMURA 1933). Die 
grossere Festigkeit der Rindenschicht muss durch eine dichtere Struktur be- 
dingt sein, d. h. die Maschen des Molekulargertistes sind kleiner. Ausserdem 
konnen die Haftpunkte hier zahlreicher und auch anderer Art sein. Diese 


dichtere, oberflachliche Schicht wird durch verschiedene Ejinfliisse verdickt, 


wie Behandlung mit Hypertonie, K’-freiem Meerwasser, schwachen Cyanid- 


konzentrationen (RUNNSTROM 1925, 1928, 1930) und partielle Anaerobie 
(LINDAHL 1932), die alle eine Dehydratation des Protoplasmas bewirken. Die 
Verdickung muss dadurch zustande kommen, dass Polypeptidketten des E1- 
inneren diesem festeren Geriist in der Rinde in irgendeiner Weise angeschlos- 
sen werden. Erfolgt dieser Vorgang geniigend langsam, so wird die entstehende 
sehr dicke Rinde frei von Einschltissen, die zu dem zentralen Teil der Zelle 
hinausgepresst werden (LINDAHL 1932). Es liegt also ein Mechanismus bereit, 
der bei Dehydratation einen Transport gewisser Polypeptidketten in Richtung 
der Peripherie bedingt. 

Die submikroskopische Struktur der Kernteilungsfigur hat besonders viel 
Interesse auf sich gelenkt. RUNNsTROM (1928) konnte an fixiertem Material 
zeigen, dass die Spindelfasern und Strahlungsfibrillen in den Pollenmutter- 
zellen von Fritillaria imparialis und befruchteten Seeigeleiern positiv doppel- 
brechend sind. ,,Diese Art von Doppelbrechung findet man bekanntlich bei 
Fibrillen, die aus Eiweisstoffen aufgebaut sind“ (1. c. S. 218). Von ScHMIpT 
(1937) wird die positive Doppelbrechung der Strahlungsfibrillen Jebender 
Seeigeleier festgestellt und FREy-WyssLinc spricht daraufhin die Vermutung 
aus, dass die Fibrillen aus parallel orientierten Polypeptidhauptvalenzketten 


bestehen. Der Aufbau dieser Polypeptidketten aus denen des Plasmagertstes 


II 


Je 
7 


PER ERIC LINDAHL 


geht nach Frey-WyssLinG durch Auflosung der Haftpunkte, durch Um- und 


g 
Neuaufbau der schon vorhandenen Polypeptidketten vor sich. 

Eine tbernormal starke Ausbildung der Strahlungsfibrillen findet im 
seeigelei bei K’-Mangel (RUNNsTROM 1925) und unter der Einwirkung von 
Hypertonie (RUNNSTROM 1928), schwachen Cyanid- (RUNNSTROM 1930) 
und starken LiCl-Konzentrationen (LINDAHL 1936) statt. Es sind alles Ein- 
grifte, die die Hydratation des Plasmas herabsetzen. Weiter zeigt RUNNSTROM 

S. 212), dass die Entstehung von Cytasteren durch entquellende Mittel 
befordert wird. Es ist einleuchtend, dass die Strahlungsfibrillen durch die 
Entquellung und die damit folgende Zunahme des Brechungsvermogens starker 
hervortreten. Weniger leicht zu verstehen ist, dass die Dehydratation den 
Umbau des Polypeptidgerustes im Plasma zu parallelorientierten Ketten in den 
Fibrillen befordern kann. Als typische Eigenschaften der Polypeptidketten 
fuhrt Frey-Wysstinc ihr allgemeines Bestreben, sich zu faserigen Strangen 
zusammenzulagern, an, was hier von besonderem Interesse ist. 

Die Anziehung der Kernteilungsfigur und deren Drehung durch eine lokale 


Verdichtung der Rinde (s. S. 103) lasst sich einstweilen nicht erklaren. Die 


Anziehung der Polypeptidketten zu einem gewissen Gebiet der Rinde bei der 


Entstehung einer lokalen Verdichtung muss aber dazu fuhren, dass der unter 
einer solchen Verdichtung befindliche Raum arm an Polypeptidketten ist. 
Hiermit erklaren wir uns, dass an solchen Stellen unter experimentellen Beding- 
ungen ausgebildete Spharen klein sind und eine sonst stark ausgebildete 
Strahlung erlischt. (LINDAHL 1936, S. 261). Dieselben Bedingungen, die die 
Ausbildung von Strahlung und Spharen fordern, bewirken allem Anschein 
nach auch eine Verlangerung der Spindel (RUNNsSTROM 1928). Liegt aber bei 
der normalen Furchung die Ursache zu der lokalen Verdichtung in dem sich 
verdichtenden Rindengebiet selbst, so werden nicht andere Teile des Eies, z. B. 
die Spindel und die Spharen wie bei der experimentell bewirkten Dehydratation 
mitgetroffen. Die Kleinheit der Spharen und Kurze der Spindel bei den 
Mikromerenteilungen durfte vielleicht hierdurch ausreichend erklart sein. Die 
progressive Abnahme dieser Gebilde an Grosse wahrend der Wanderung zum 
animalen Pol hin bei der Richtungsteilung lasst sich aber nicht auf die hier 
erwogenen Verhaltnisse zuruckfuhren. Hier muss wohl an eine lokale Erhohung 
der Hydratation gedacht werden. 

Wie beeinflusst nun die erhohte Temperatur die protoplasmatische Struktur 
und den Teilungsmechanismus? Die Abhangigkeit der Plasmaviskositat von 
der Temperatur ist fur das Cumingia-Ei und Amoeba dubia von HEILBRUNN 
(1926, 1930) untersucht worden. In beiden Fallen findet er Kurven, die mit 
hohen Viskositatswerten anfangen und mit zunehmender Temperatur steil 
abnehmen. Bei einer gewissen Temperatur (verschieden fur die beiden Ob- 
jekte) fangt die Kurve wieder an zu steigen. Nachdem ein Viskositatsmaxi- 


mum erreicht ist, folgt ein zweites Abfallen der Viskositat. Bei dem Cumingia- 
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Ki geht dieses in eine steile Viskositatszunahme im Zusammenhang mit der 
Koagulation des Plasmas tiber. Dieser Verlauf der Viskositatskurve wird von 
FrEY-WyssLinG in folgender Weise gedeutet: Bei der Zunahme der Tem- 
peratur finden hauptsachlich zwei Vorgange statt, die die Viskositat des Cyto- 
plasmas in entgegengesetztem Sinne verandern und zwar 1. durch Losung 
der ,,homodopolaren Kohasionsbindungen lipoider Seitengruppen benachbarter 
Polypeptidketten“, 2. ,,eine Entquellung des Molekulargeriistes an den Stellen, 
wo hydrophile Kettenenden zusammenstossen, sodass eine gewisse Verfesti- 
gung erzielt wird’. 1. bewirkt eine Abnahme, 2. eine Zunahme der Viskositat. 
In abfallenden Kurvenabschnitten tberwiegt Vorgang 1, in Kurvenabschnitten 
zunehmender Viskositat Vorgang 2. Wird diese Deutung auf die Kurve fur 
das Cumingia-Ei bezogen, so ergibt sich, dass die Dehydratation hier schon bei 
ganz niedrigen Temperaturen einsetzt. 

Fir das Ei von Arbacia punctulata liegen entsprechende Viskositatsmes- 
sungen von CosTELLO (1934) vor. Hier findet eine kontinuierliche Abnahme 
der Viskositat zwischen 1.5 und 22° mit zunehmender Temperatur statt, wobet 
der Viskositatsabfall immer kleiner wird. Zwischen 22 und 28° verlauft die 
Kurve vollkommen horizontal. Trotz des andersartigen Verlaufes der Visko- 
sitatskurve durfen wir annehmen, dass sich auch hier die oben genannten 
Vorgange abspielen. Die Dehydratation tritt hier erst mit dem horizontalen 
Verlauf des Kurvenabschnittes zwischen 22 und 28° deutlich in Erscheinung. 
Ob dieser Verlauf fur alle Seeigelarten typisch ist, ist fraglich, zumal RuNN- 
STROM (1928) feststellt, dass das Arbacia-Ei sich durch seine ausserst niedrige 
Viskositat von anderen Arten unterscheidet. Dass eine erhohte Temperatur 
eine Dehydratation auch in den Strongylocentrotus-Ovozyten hervorruft, zeigen 
die Schnittbilder des mit 15° behandelten Materials. Die hier erhaltenen Fibril- 
len und Cytasteren, die ubernormale Entwicklung der Strahlung sowie die in 
extremen Fallen auftretende Flockung und Vakuolisierung des Plasmas sind 
alles Erscheinungen, die durch dehydratisierend wirkende Behandlung erzeugt 
werden. Dass sie in den mit 12° behandelten Ovozyten fehlen, bedeutet aber 
nicht, dass hier keine Dehydratation stattgefunden hat. Nur ist dieser Vorgang 
hier nicht so weit gegangen, dass mikroskopisch sichtbare Veranderungen er- 
schienen sind. 

Untersuchen wir das Verhalten der Richtungsspindel, so konnen wir drei 
verschiedene Falle unterscheiden. 1) Die Richtungsspindel wird in normaler 
Weise zu dem animalen Pol transportiert, wo das eine Zentrum mit der Rinde 
in Verbindung tritt. Die Spindel ist aber langer als normal (Abb. 3a), und 
es entstehen an dem animalen Pol mehr oder weniger vergrosserte Richtungs- 
korper. 2) Die beiden Spharen sind sehr gross, und die Spindel ist viel langer 
als normal (Abb. 3 b). Hin und wieder tritt die eine Sphare mit der Rinde 
in Verbindung. Manchmal wenigstens dtirfte es sich dabei um die Rinde des 


animalen Poles handeln. Es entstehen sehr grosse Richtungsk6rper am animalen 
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Pol, oder die Eizelle wird in zwei etwa gleich grosse Zellen aufgeteilt, die durch 
eine meridionale Furche getrennt sind. 3) Die beiden Spharen sind zwar 
meistens etwas grosser und die Spindel etwas langer als normal; die Teilungs- 
figur zeigt aber keine Beziehung zu der Rinde (Abb. 3 c, d). Sehr oft fihren 
diese Teilungen zu zweikernigen Eiern, in denen die beiden Kerne in kurzem 
Abstand voneinander liegen. In anderen Eiern mit einer Teilungsfigur dieser 
Art wird der Plasmakorper nur andeutungsweise oder unvollstandig gefurcht. 

Sowohl in den Fallen unter 1) wie 2) verstarkt die Dehydratation die Aus- 
bildung von Spharen und Spindel. Bei manchen unter 2) herangezogenen 
Fallen fallt ausserdem die Lokalisation der Spindel an dem animalen Pol aus, 
und dies ist besonders der Fall unter 3), wo die Ausbildung von Spindel und 
Spharen wieder zuriickbleibt, und die Durchschntrung des Zellkorpers fehlt 
oder unvollstandig ist. Wir miissen annehmen, dass die Warmewirkung hier 


weiter gegangen ist und zwar so weit, dass ein Umbau und Transport der 


Ss 


Polypeptidketten erschwert wird. Die lokale Verdichtung der Rindenschicht 


bleibt aus, sowie die starke Zunahme der Fibrillenstrukturen und die Ent- 
stehung der Furchen. 

MARSHLAND (1938, 1939) hat durch Untersuchungen tuber die Wirkung 
hoher hydrostatischer Drucke auf die Zellteilung feststellen konnen, dass ,,Sol- 
Gelumwandlungen* einen wesentlichen Anteil des Mechanismus fur das Ein- 
schneiden der Furchen ausmachen. Offenbar darf die Dehydratation nicht zu 
weit gegangen sein, wenn diese Umwandlung in normaler Weise vor sich 
gehen soll. Dasselbe betrifft auch den Transport der Spindel zu dem animalen 
Pol. Wir haben den hier wirksamen Mechanismus als eine lokale Verdichtung 
der Rinde aufgefasst, derselben Art wie die von MARSHLAND studierte ,,Sol- 
Gelumwandlung™. 

Es macht keine Schwierigkeiten, die hier dargestellten Gesichtspunkte auf 
die von Datco (bei Asterias) verwendete Methode zur Erzielung von Riesen- 
richtungskorpern anzubringen. Die beiden die Hydratation vermindernden 
lonen Ca” und Mg” wirken in ahnlicher Weise dehydratisierend wie die er- 
hohte Temperatur, und man hat also hier dieselben Veranderungen zu er- 
warten. Verdtinnung des Meerwassers innerhalb massiger Grenzen bewirkt 
eine Quellung der Plasmakolloide, die der normal stattfindenden Dehydrata- 
tion entgegenwirkt. Die Spharen werden also kleiner und die Spindel kurzer 
als normal. Trotzdem mussen hier zu grosse Richtungskorper entstehen, weil 
gleichzeitig auch die Verdichtung der Rinde am animalen Pol erschwert wird, 
und somit die Spindel nicht genugend der Oberflache genahert wird (vgl. 
DaLcg 1924, Tafel 14, Fig. 7—8). 

Ein kurzer Uberblick tiber einige an Spiraleiern durch Zentrifugieren ge- 
wonnene Ergebnisse sei hier erlaubt. Hier sind die Verhaltnisse sehr ver- 
schieden bei verschiedenen Arten. So kann die von der Oberflache durch 
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Zentrifugieren in das Innere von Eiern und Fragmenten geschleuderte Rich- 
tungsspindel eine Durchfurchung bei Crepidula (CONKLIN 1917) und JIya- 
nassa (CLEMENT 1935, MORGAN 1937) herbeifthren, wahrend dies bei 
Chaetopterus, Cumingia (MORGAN 1937, 1939) und Tubifex (LEHMANN 1940) 
nicht der Fall ist. ConKLIN teilt fiir Crepidula mit, dass ,,most polar bodies 
that are formed during centrifuging and all that are formed at a distance from 
the animal pole are larger than normal ones...‘‘, und fihrt dies auf eine 
Verlangerung der Spindel bei der Zentrifugierung zurtck. Bei Tubifex dagegen 
heftet sich die zweite Richtungsspindel, wenn von dem animalen Pol ver- 
lagert und in der Nahe der Eirinde angelangt, an einer neuen Stelle an ,,und 
schniirt nun hier einen Richtungskorper von normaler Grosse ab“ (LEHMANN 
1940). Hieraus kann wohl geschlossen werden, dass die Anziehung der Rich- 
tungsspindel zu dem animalen Pol hin ahnlicher Art wie im Seeigelei ist, dass 
in dem Tubiefex-Ei dagegen die Bedingungen, die gentgende Kleinheit der 
Teilungsfigur fur die Ausbildung eines normalen Richtungskorpers bewirken, 
nicht nur auf den animalen Pol beschrankt sind. Ahnliche Versuche an 
Seeigeleiern waren fur die weitere Analyse dieser Vorgange von grosser 
Bedeutung. 


ANHANG. 


Einige Beobachtungen wber die Ovarialeier des Seeigels seien hier ange- 
schlossen. 

Boveri fasste irrttmlicherweise die Mikropyle des Seeigeleies als die An- 
haftungsstelle des Eies an der Ovarialwand auf. Die wirkliche Entstehungs- 
weise der Mikropyle durch einen die Gallerthille durchbohrenden Plasma- 
zapfen wurde bei Paracentrotus lividus zuerst von JENKINSON (1911) erkannt 
und von LINDAHL (1932) bestatigt. LinpanL gibt nach Beobachtungen an 
Schnitten an, dass der Mikropylbildungszapfen etwa doppelt so lang sein kann, 
wie die Gallerthille dick ist und dieselbe Riisselform wie auf der Abbildung 
THEELS (1901) von Mesothuria intestinalis hat. 

Bis jetzt liegen keine Beobachtungen dieses Gebildes an lebendem Material 
vor. Wahrend der Reifungszeit von Strongylocentrotus droebackiensis im Jahre 
1940 wurde die Mikropylbildung sehr haufig beobachtet. Bei manchen Weib- 
chen bilden praktisch samtliche voll ausgewachsene Ovozyten eine Mikropyle, 
wenn sie in das Meerwasser entleert werden, wahrend dies bei anderen 
Weibchen nur vereinzelt. Wahrscheinlich spielt die Berthrung mit dem 
Meerwasser hier eine Rolle als Reiz. Typisch ist, dass die Oberflache der 
Ovozyten sich an der Stelle abflacht, wo der Mikropylbildungszapfen entsteht 
(Abb. 7—8). Dieser ist immer stark lichtbrechend und vollkommen frei von 
Plasmaeinschltissen, was zusammen mit der auffallenden Farbbarkeit fur eine 


15 


PER ERIC LINDAHL 


lokale Verdichtung des  protoplasma- 
tischen Gertustes spricht. Uber die Be- 
standigkeit des Mikropylzapfens kann 
ich keine sichere Auskunft geben, da 
Beobachtungen hier nicht systematisch 
durchgefthrt wurden. Bei einzelnen 
Fiern habe ich den Zapfen langer als 
eine Stunde beobachten konnen (Tem- 


7. Ovozyten von Strongylocentrotus 


backtensis mit maximal entwickelten peratur 8°). Bei seiner Ruckbildung 

scheint der aussere, oft etwas ange- 

schwollene Teil abgeschniirt zu werden und zu zerfallen, wahrend der ubrige 
Teil wieder in die Zelle eingezogen wird. 

Die Bildung des Mikropylzapfens wird unmittelbar von der Auflosung des 


Ovozytenkernes begleitet. 


In einer friheren Mitteilung (LinpAHL 1932) bin ich zu der Auffassung 
gekommen, dass die Nahrungszufuhr zu den heranwachsenden Ovozyten durch 
die in den Ovarien immer vorhandenen Wanderzellen vermittelt wird und 
vor allem durch die animale Hemisphare vor sich geht. Diese Auffassung 
grundet sich 1) auf die Tatsache, dass die Wanderzellen im Ovar _ nicht- 
abgelegte Eier verarbeiten und die Abbauprodukte den heranwachsenden Ovo- 
zyten bereit halten, 2) auf Beobachtungen von RUNNsTROM (1914) [bei dem 
Echinopluteus| und KinpDRED (1926) [bei ausgewachsenen Tieren], dass die 
Wanderzellen sich in der Darmwand mit Nahrungsstoffen beladen und 3) auf 
die Feststellung, dass die Wanderzellen im Ovar mit feinsten Pseudopodien 
in innigen Kontakt sowohl mit Ovozyten wie mit reifen Eiern treten (LINDAHL 
1932). Hierbei reagieren die reifen Eier mit der Ausbildung von spitzen 
Lappen an den Stellen, wo die Pseud ypodien mit der Ejioberflache in Be- 
ruhrung kommen oder mit einer grossen Eindellung der Oberflache zwischen 
diesen Stellen. 

Fiir die oben dargestellte Auffassung ist es von Gewicht zu zeigen, dass 


auch die Wanderzellen der Leibeshohle dieselben Reaktionen auslosen, und 


dass die Wanderzellpseudopodien nicht nur mit den aussersten Schichten der 


Zelloberflache in Beruhrung kommen, sondern auch in diese eindringen. Es 
war namlich nicht moglich, diese letztgenannte Frage mit Sicherheit an Schnitt- 
praparaten zu entscheiden. Sie konnte jedoch folgenderweise beantwortet 
werden ( Material Paracentrotus lividus): In einen Haufen befruchtungsfahiger 
Kier wurden kleine Klumpen von Wanderzellen hineingebracht. Nach einer 
Viertelstunde hatten sie sich mit einer Anzahl Lier umgeben, die von Pseudo- 


4 


podien festgehalten wurden und die gewohnlichen Reaktionen zeigten. Diese 
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Abb. 8. Typische Birnenform bei Ovozyten und einem Ei von Strongylocentrotus droe- 
backiensis. Mikropylbildungszapfen und Richtungskorper nach oben gezeichnet. 200/1. 


Eier wurden besamt und hoben eine hohe Befruchtungsmembran ab. An den 
Anhaftungsstellen der Pseudopodien blieb aber die Befruchtungsmembran in 
punktformigem Kontakt mit der Ejioberflache. Dies muss bedeuten, dass die 
Pseudopodien nicht nur die Schicht, die zur Befruchtungsmembran wird, 
erreichen, sondern dass sie durch diese hindurch und in tiefer liegende Schich- 
ten dringen. 

Es hat sich ferner herausgestellt, dass die beschriebenen Wechselwirkungen 
zwischen Wanderzellen und reifen Eiern unabhangig davon stattfinden, ob 
die Wanderzellen einem Ovar oder der Leibeshohle entnommen werden. - 
Die friheren auf Schnitten gemachten Beobachtungen tber die Beziehung 
zwischen den Wanderzellen und den Ovozyten sind auch an lebendem Material 
vervollstandigt. Zu diesem Zweck wurden an Wanderzellen reiche Ovarial- 
schlauche von Strongylocentrotus mit Glasnadeln aufprapariert. Man findet 
hierbei viele Ovozyten, die ganz frei von Wanderzellen sind, wohingegen 
grosse Mengen dieser Zellen an anderen Ovozyten haften. Es ist bemerkens- 
wert, dass die Ovozyten nicht mit der Bildung von Lappen oder Eindellungen 
reagieren. Diese Reaktion setzt erst ein, wenn die Ovozyten eine Weile mit 
dem Meerwasser in Beruhrung gewesen sind. Die Wanderzellen bekleiden 
nur einseitig und nie die ganze Oberflache der Ovozyten. Eine Kalotte oder 
Scheibe von Wanderzellen sitzt der Gelhille auf. Auffdllig oft findet sich 
diese Bildung uber dem Teil der Ovozyten, in dem der Kern liegt, also wm 
den animalen Pol herum. An den Gelhullen der kernreifen Eier haften die 


Wanderzellen in dieser Weise nie. 
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Nach JENKINSON (1911) sollen die jungen Ovozyten mit einem kurzen 
Stiel an der Ovarialwand festhaften und sich dann senkrecht zu dieser zu 
strecken anfangen. Durch meine fritheren Untersuchungen an Schnitten konnte 
diese Auffassung nicht bestatigt werden. Vielmehr schien es, als ob die Ovo- 
zyten eine runde oder leicht ovale Form annehmen, wenn sie nicht durch 
Raummangel oder andere aussere Faktoren zu anderen Formen gezwungen 
werden. Bei den Untersuchungen an den Strongylocentrotus-Ovozyten ist mir 
dagegen eine besondere birnenahnliche Form aufgefallen, die mit grosster 
Wahrscheinlichkeit mit der Reifung in Beziehung steht. Sie entsteht in den 
meisten Fallen vor oder gleichzeitig mit dem Mikropylzapfen und verschwindet 
wieder mehr oder weniger vollstandig nach den Reduktionsteilungen. Die 
Haufigkeit dieser Birnenform wechselt sehr von Ovar zu Ovar. Manchmal 
findet man 5—10, in anderen Fallen 80—90 %. Sie kann auch ganz fehlen. 
Ich habe Schnitte durch Ovarien, deren ausgequollene Eier sich in dieser 
Hlinsicht sehr verschieden verhalten, miteinander verglichen. Es lasst sich hier 
im allgemeinen keinerlei Unterschied in der Form der Ovozyten feststellen. 
Moglicherweise spielt die Berthrung mit dem Meerwasser hier wie fur die 
Ausbildung des Mikropylzapfens eine Rolle als auslosender Reiz. 

Im allgemeinen fallt, wie Abb. 8 zeigt, die Langsachse der Birnenform mit 
der Eiachse einigermassen zusammen. Der animale Pol wird in den hier abge- 
bildeten Ovozyten durch den Mikropylbildungszapfen markiert. Hier und da 
finden sich aber Ausnahmen. In extremen und seltenen Fallen liegt der Mikro- 
pylbildungszapfen etwa in der Mitte zwischen dem spitzen und dem stumpfen 
Ende der Zelle. Die Eiachse steht also hier etwa senkrecht auf der Langsachse. 
Eine noch animalere Lage des spitzen Endes habe ich nie beobachtet. Die Be- 
ziehung zwischen den beiden genannten Achsen kann auch an kernreifen Eiern 


festgestellt werden, die die Birnenform mehr oder weniger beibehalten haben 


chen an einer Stelle zwischen dem breitesten Durchschnitt und dem stumpfen 


Cc 

(Abb. 8). Entsprechend dem oben gesagten findet man die Richtungskorper- 
I 


Pol und in abnehmender Frequenz mit zunehmendem Abstand von der letzt- 
genannten Stelle. 

Die Ausbildung der Birnenform geht Hand in Hand mit Veranderungen 
in der Verteilung der geformten Einschlusse des Plasmas. Schon am Anfang 
der Ausstreckung des kinftigen spitzen Endes findet eine Verarmung des 
Plasmas an Ejinschltissen statt in dem Gebiet, das sich ausstulpt, und dieser 
Vorgang wird umso ausgepragter, je weiter die Ausstreckung des spitzen Indes 
fortschreitet. Gleichzeitig wird das Plasma hier immer starker lichtbrechend. 

In dem von MorcGan (1894) bei dem Arbacia-Ei zuerst beobachteten Aus- 
wandern der Pigmentkornchen aus dem Gebiet, das spater die Mikromeren 
liefert, sieht RUNNSTROM (1928) die Folge ,,einer Anreichung von gelbildenden 
Kolloidteilchen“‘, was wir wohl mit einer etwas moderneren Betrachtungsweise 


als eine Verfestigung des Molekulargerustes durch Veranderung der Art und 
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Vermehrung der Anzahl der Haftpunkte auffassen konnen. — Auch hier findet 
ein Auspressen von K6rnchen statt. Sowohl das erhohte Lichtbrechungsvermogen 
wie die spitze orm miussen als Ausdriicke einer lokalen Verdichtung gedeutet 
werden. Im Hinblick auf die oben dargestellte Auffassung, dass die Orien- 
tierung der Furchungsspindel bei inaqualen Teilungen durch eine polare Ver- 
dichtung der Rinde bestimmt wird, ist es sehr bemerkenswert, dass die lokale 
Verdichtung bei der Ausbildung der Birnenform offenbar keinen Einfluss 
auf die Richtungsspindeln ausubt. 

In vielen Ovozyten geht die Streckung des spitzen Endes so weit, dass die 
Zellen fast doppelt so lang wie breit werden. Trotzdem wird die Gallerthulle 
nicht durchbrochen, sondern nur ausgedehnt. Gleichzeitig mit der Entstehung 
der Birnenform findet eine Ausbildung feiner ektoplasmatischer Pseudopodien 
statt, die sich radiar weit in die Gelhulle hineinstrecken. Diese Gebilde sind 
an Seeigeleiern oft in der Literatur beschrieben worden, an Ovozyten schon 
von ©. HERtTWIG (1876) und SELENKA (1878), an reifen Eiern zuerst von 
THEEL (1892). Auffallig ist, dass die Pseudopodien entweder auf das spitze 
Ende beschrankt sind, oder, wenn uber die ganze Oberflache verbreitet, an 
dieser Stelle dichter stehen und besonders hervortreten (Abb. 8). Sie konnen 
auch bei Ausbleiben der Birnenform vollkommen fehlen. Wenn der Kern 
aufgelost wird, verschwinden die Pseudopodien weitgehend. 

Wenn die hier beschriebene Birnenform tatsachlich eine regelmassige Er- 
scheinung auch bei der Reifung in den Ovarien darstellt, so ist die nachst- 
liegende Erklarung ihrer Bedeutung die eines Mechanismus, der die reifenden 
Kier von der Ovarialwand ablost und sie zur Entfernung von der Ovarial- 


wand befahigt. 


ZUSAMMENFASSUNG. 


1) Bei Temperaturen hoher als 11° verlaufen die Richtungsteilungen von 
Strongylocentrotus droebackiensis abweichend von der Norm und fithren zu 
ubernormal grossen Richtungskorpern, die in extremen Fallen von der Grosse 
der halben Ovozyte sein konnen. 

2) Eine Temperatur von 12° verursacht keine auffalligen, im Schnitt sicht- 
baren Storungen der protoplasmatischen Struktur. Solche werden jedoch nach 
einer Behandlung mit einer Temperatur von 15° beobachtet und bestehen in 
einer ubermassigen Ausbildung von Fibrillenstrukturen in Cytasteren, Spharen 
und Spindeln, und in extremen Fallen in einer Vakuolisierung der zentralen 


und einer Verdichtung der peripheren Teile der Zellen. 


3) Es werden Vorstellungen tiber den Mechanismus entwickelt, der normal- 


erweise die starke Inaqualitat der Richtungsteilungen bedingt und die durch 
erhohte Temperaturen erzielten Abnormitaten in Zusammenhang hiermit be- 


sprochen. 
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4) Angeschlossen werden Beobachtungen an lebendem Material uber die 
Mikropylbildung, die Beziehung zwischen Wanderzellen, Ovozyten und Eiern, 
sowie uber eine birnenahnliche Form der Ovozyten, die oft in Zusammenhang 


mit der Reifung auftritt. 
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